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PKEFACE. 


It  is  with  great  satisfaction  that  we  at  last  present  the  work 
that  has  occupied  our  attention  for  some  years.  The  delay 
in  its  publication,  after  having  been  so  long  promised^  has 
been  beyond  our  control  ;  and  we  have  finally  been  obliged  to 
undertake  it  at  our  own  risk.  The  work  appeals  to  a  limited 
number  of  the  public^  viz.  geologists  and  those  interested  in 
the  Iron  Industry  of  Cleveland  ;  for  such,  therefore,  it  has 
been  written  ;  and  we  have  done  our  best,  by  being  as  accurate 
as  we  know  how  to  be  in  our  statements,  to  make  it  worthy  of 
their  attention.  It  contains  much  detail,,  all  of  which  cannot 
be  interesting  to  every  one  ;  but  if  some  portion  satisfies  the 
requirements  ofeach,hewill,  it  is  hoped,  excuse  the  rest  being 
written  for  some  one  else.  We  cannot  hope  to  have  escaped 
error  ;  and  in  the  case  of  the  names  of  fossils,  our  second  Part 
is  sometimes  inconsistent  with  the  first :  in  such  instances  the 
former  is  to  be  taken  as  a  correction  on  the  latter.  With  re- 
spect to  the  map,  w^e  may  say  that  no  details  have  been  omitted 
which  would  ap])ear  on  the  1-inch  scale,  from  which  it  is  an 
accurate  reduction  ;  and  if  reenlarged  it  will  give  the  proper 
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lines  (according  to  our  judgment)  on  the  original  scale.  IThere 
tl^  line«  are  uniformly  cur^-ed  or  straight,  aA,  for  example, 
between  Ea«ingwold  and  Barton,  it  may  be  taken  that  we 
poflfleas  no  ven'  accurate  information,  owing  to  the  covering 
of  the  underlying  rocks,  and  the  absence  of  workings  ;  other- 
wiie  the  lines  are  well  established.  The  assistance  we  have 
received  b  acknowledged  in  the  place  where  we  have  used  it ; 
but  we  think  we  ought  especially  to  acknowledge  the  kindness 
of  Mr.  Simpson,  the  Curator  of  Whitby  Museum,  who  has  per- 
mitted us  to  examine  his  types,  though  we  have  often  thereby 
come  to  a  different  opinion  as  to  their  interpretation. 
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PART   I. 

GEOLOGY. 


THE 

YORKSHIRE    LIAS. 


CHAPTER  I. 

OENXEAL  AAKOB  OF  LIA8SIC  STRATA  ON  THE  CONTINENT  AND 
BBITISH  ISLES. 

Beneath  the  Oolitic  rocks  which  fonn  the  hills  of  tho  midland 
coonties,  and  resting  upon  the  red  marls  and  sandstones  which 
spread  out  in  the  great  central  plain  of  England,  is  a  series  of  blue 
clays  and  shales  of  considerable  thickness,  interstratified  with  beds 
of  sandstone,  ironstone,  and  limestone.  To  this  series  the  name  of 
lias  has  been  assigned,  a  local  term  supposed  to  be  a  corruption 
of  ^'layers/'  in  allusion  to  the  evenness  of  its  bedding  in  many 
localities.  From  the  number  of  its  yaluable  contents — ironstone, 
jet,  alum  shale,  cement,  and  limestones — ^it  is  of  considerable  indus- 
trial importance,  while  the  quantity  and  variety  of  its  fossils  have 
always  attracted  to  it  a  more  than  ordinary  share  of  the  attention 
of  geologists,  especially  as  it  presents  to  us  in  England  the  first  full 
series  of  organic  remains  of  the  Secondary  period.  Beds  of  this  ago 
and  character,  though  not  so  continuous  over  large  areas  as  many 
other  formations,  are  widely  spread  throughout  Europe,  and  are 
found  also  in  India.  Their  most  easterly  known  European  occur- 
rence is  in  the  Crimea  (see  Baily,  Q.  J.  Geol.  Soc.  voL  xiv.  1858) ; 
but  throughout  the  rest  of  Russia  they  appear  to  be  wanting.  The 
next  appearance  coming  westwards  is  in  Hungary,  where  most  of 
the  subdivisions  occur  in  the  neighbourhood  of  Funfkirchen,  as  de- 
scribed by  Peters,  and  the  lower  part  in  tho  north-western  portion. 
Near  Vienna  we  have  the  eastern  limit  of  a  vast  range  of  Liassic 
rocks,  which  spread  westward  without  intermission  as  far  as  the 
Vorarlbcrg,  and  form  the  northern  slopes  of  the  Austrian,  Bavarian, 
and  Rhaetian  Alps ;  and  although  no  complete  treatise  on  the  Lias 
of  this  district  has  been  written,  several  important  memoirs  have 
thrown  light  upon  various  parts  of  it.  Of  those  we  may  mention : — 
Hauer's  *  Cephalopoda  of  the  N.E.  Alps,'  and  other  works  by  the 
same  author;  Giimbel's  'Bayerische  Alpengebiete,'  with  a  large 
geological  map  of  Bavaria;  Suess  and  Dittmar  on  the  Hallstadt 
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fossils ;  Stolickza  on  those  of  Hierlatz ;  Schafliautl's  '  Siid-Bayerns 
Lethcca  Qoognostica/  and  many  other  smaller  works. 

Corresponding  to  this  area  and  bounding  on  the  N.W.  the  basin 
of  which  it  is  the  southern  limit,  there  is  another  long  strip  of  Lias, 
nearly  continuous  in  a  N.E.  direction  &om  ]3ale  to  Coburg,  and 
forming  part  of  the  Swabian  alps.  In  this  district  it  has  had  many 
historians,  the  earliest  memoir  dating  many  years  back.  The  chief 
of  them  is  undoubtedly  Quenstedt,  the  materials  for  whose  work, 

*  Der  Jura,'  are  taken  from  this  area.  Another  important  but  anti- 
quated work  on  this  range  is  Zieten's  *  Petrefacten  "Wiirtembei^,* 
not  to  mention  older  works.  Being  the  only  area  in  8.  Germany  in 
which  liassic  beds  occur,  all  the  German  geologists  who  have  giyen 
their  attention  to  rocks  of  Secondary  age  have  naturally  contributed 
to  our  knowledge  of  the  formation ;  so  that  of  all  continental  loca- 
lities this  is  known  the  best,  both  as  to  its  stratigraphy  and  its 
organic  remains.  It  is  here  that  many  of  the  subdivisions  have  been 
first  established,  and  the  majority  of  the  fossils  have  been  recognized 
and  named.  To  give  a  list  of  the  writings  which  have  enriched  the 
literature  of  the  formation  would  be  to  transcribe  the  names  of  the 
works  of  the  greater  number  of  German  geologists ;  yet  we  cannot 
perhaps  pass  over  unmentioned  that  of  Oppel,  who  was  one  of  the 
foremost.  There  is  one  outlying  area,  now  included  in  the  Ger- 
man empire,  but  formerly  belonging  to  the  kingdom  of  Hanover,  to 
the  north  of  the  main  mass,  to  which  little  attention  Iiad  been  paid 
till  within  the  last  few  years,  the  chief  works  beingj  Seebach's 

*  Hanoyersche  Jura,'  Bronn's  '  Untere  Jura  im  N.W.-Deutschland,* 
and  papers  by  Schlonbach,  Emerson,  and  Bornemann.  The  genend 
work  also  of  Romer  contcdns  some  account  of  it. 

Coming  to  France,  we  find  corresponding  to  the  main  Swabian 
range  one  nearly  parallel,  but  with  a  more  northerly  direction^ 
sweeping  round  from  the  N.W.  side  of  the  Jura  mountains  by  Nancy 
to  Luxembourg.  Here,  too,  the  lias  has  been  well  described,  espe- 
cially as  to  its  lower  part,  chiefly  by  Terquem  in  the  neighbourhood 
of  Metz  and  Hettange,  and  by  Chapuis  and  Dewalque  nearer  to 
Luxembourg.  This  range  ib  really  the  north-easterly  termination  of 
a  longer  one  that  stretches  right  across  France  to  the  Bay  of  Biscay ; 
but  on  this  part  of  its  course  comparatively  little  has  been  written, 
excepting  of  its  eastern  end,  on  which  we  have  the  admirable  mono- 
graph of  Martin  on  the  Infralias  of  the  Cote  d'Or.  Branching  off 
from  this  and  forming  the  southern  boundary  of  the  central  plateau 
of  France  is  another  range,  carrying  the  lias  in  scattered  patches 
in  a  semicircular  course  to  the  Ehone.  The  more  eastern  portion 
of  this  has  been  recently  illustrated  in  a  series  of  most  valuable 
monographs  by  Dumortier,  lately  completed,  and  now  forming  one 
of  the  most  important  of  the  modem  additions  to  our  knowledge 
of  the  palaeontology  of  this  period.  Between  this,  again,  and  the 
German  area  are  some  scattered  patches  described  by  Favre  in 
his  « Terrain  Liassique  de  Savoie,'  also  the  Swiss  Lias  whose  organic 
remains  have  been  illustrated  by  Renevier  and  Ooster ;  while  to  the 
west  the  region  of  the  Aveyronnais  is  well  illustrated  by  Rcynes, 
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whoso  works  aro  specially  valuable,  as  he  reoognizes  the  diyision 
into  zones,  and  shows  how  far  they  hold  in  his  district.  Over  all 
tliese  ranges  iu  S.  Germany  and  France,  as  well  as  in  England,  it 
has  a  general  historian  in  Oppel,  though  over  so  wide  an  area  it  is 
impossible  to  expect  much  of  details. 

Outlying  from  these  ranges  to  the  south,  Italy  supplies  an  im- 
portant area  in  the  Lombardian  Alps,  where  tbe  lower  beds  chiefly 
have  been  illustrated  by  Stoppani,  in  his  *  Paldontologie  Lombarde/ 
and  by  Catullo, — and  another  in  the  Yaudois  Alps,  described  by 
Benevier ;  while,  still  further  south,  beds  of  this  age  around  the 
Gulf  of  Spezzia  have  been  described  by  Capellini  and  others,  and  in 
Spain  and  Minorca  by  Haime  and  Be  Yemeuil.  Separated  from  all 
these  areas  by  space,  but  intimately  connected  with  each  by  organic 
remains,  is  another  tract,  which  commences  in  Normandy  and 
(crossing  in  all  probability  the  English  Channel)  reaches  Britain  on 
the  coast  of  Dorset,  and  has  a  continuous  range  till  it  ends  in  York- 
shire. We  are  well  acquainted  with  the  Norman  area  by  the  labours 
of  the  two  Deslongschamps. 

The  lias  enters  England  grandly,  occurring  first  in  the  magni- 
ficent cliffs  of  Lyme  Kegis,  surpassing  even  those  of  the  coast  of 
Yorkshire  for  the  variety  and  novelty  of  their  organic  remains.  This, 
however,  would  appear  to  be  the  northern  extremity  of  a  basin  which 
is  now  nearly  washed  away,  as  it  soon  loses  its  character  inland, 
and  in  the  neighbourhood  of  Ilminster,  scarcely  twenty  miles  to  the 
north,  it  is  replaced  by  rubbly  redeposited  beds,  formed  of  the 
broken  pieces  of  liassic  rocks  that  have  disappeared,  which,  though 
in  the  highest  degree  interesting  and  with  a  fauna  of  marvellous 
beauty,  yet  show  neither  the  stratigraphical  completeness  nor  the 
varie^  of  fossils  of  Lyme  Regis.  The  Uminster  bods  have  been 
indefatigably  explored  by  Charles  Moore,  Esq.,  who  has  obtained 
firom  them  the  most  complete  invertebrate  fauna  yet  known  in  this 
age,  as  weU  as  remarkable  fish-  and  reptile-remains.  Though  each 
fosril  from  Lyme  Regis  has  always  attracted  its  share  of  attention, 
yet  a  general  account  of  the  formation  iu  that  locality  is  much 
needed,  the  only  modem  memoir  being  that  of  Mr.  Day,  which  was 
published  in  1863,  in  the  Quart.  Joum.  of  the  Gool.  Soc,  and 
eontains  complete  accounts  of  the  sections  of  the  middle  and  upper 
beds  observable  on  the  coast.  Mr.  Moore's  chief  contributions  are 
contained  in  a  paper  on  the  Middle  and  Upper  Lias  of  the  South- 
west of  England,  published  in  the  Somersetshire  Archa&ol.  and  Nat. 
Hist.  Soc.  Proceedings  for  1865-6,  and  another  "  On  Abnormal 
Conditions  of  Secondary  Deposits,"  in  the  Quart.  Joum.  Geol.  Soc. 
for  1867.  In  these  are  contained  our  most  recent  information  with 
r^ard  to  the  southern  area. 

Coming  northwards  to  Bath,  we  find  only  the  Lower  lias  and 
part  of  Uie  Middle  Lias  represented ;  but  these  spread  out  to  the 
north  of  Bristol,  and  we  have  the  whole  series  present  in  the  Chel- 
tenham district.  Yarious  writers  have  contributed  to  our  knowledge 
of  the  Bristol  district ;  but  no  very  complete  account  has  appeared. 
The  Lias  about  Cheltenham  has  been  well  described  by  Dr.  Wright, 

b2 


4  THS  T0BX8HIBB  LIAS. 

in  a  conunanicatioQ  to  the  Geological  Society  ia  1860,  which,  how-» 
ever,  is  not  confined  to  that  neighboarhood,  and  which  illnstrates 
Oppel's  division  of  the  series  into  Ammonite  zones.  The  majority 
of  these  zones  we  have  adopted  in  the  present  work.  He  has  also 
published  a  controversial  paper  on  the  upper  limit  of  the  Lias,  which 
will  be  discussed  in  the  sequel.  An  older  work  on  the  same  area  is 
Buckmau's  '  Geology  of  Cheltenham/  1845.  The  most  recent  con- 
tribution to  one  part  of  the  series  is  a  paper  by  one  of  us  in  the 
Quart.  Joum.  G.  S.  for  1870,  ^'  On  the  Junction  beds  of  the  Lower 
and  Middle  Lias."  From  the  area  of  Bristol  and  Cheltenham  there 
runs  a  westward  spur  of  the  lowest  beds  of  Lias — ^reaching  south  of 
the  Severn  to  Watchet,  but  to  the  north  stretching  beyond  Bridgend 
in  Glamorganshire.  The  Quarterly  Journal  also  contains  papers  on 
this  region  by  Dawkins,  Tawney,  Moore,  &c.  North-easterly  from 
Cheltenham  the  Lias  tsikes  a  continuous  course  through  the  mid- 
land counties  Warwickshire,  Leicestershire,  Nottingham,  and  Lin- 
colnshire. Throughout  this  range  it  has  met  with  comparatively 
few  observers,  papers  by  Beesley,  Brodie,  &c.  on  Oxfordshire  and 
Warwickshire  being  the  only  recent.  one».  Lincolnshire  especially, 
except  in  a  limited  locality  (Marton),'i4  almost  entirely  unknown, 
and  promises  to  be  an  interesting  field  from  the  few  fossils  gathered 
there.  Mr.  Cross,  however,  has  recently  described  the  Liassic  beds 
at  Prodingham  (Quart.  Journ.  Geol.  Soc.  vol.  xxxi.  1875,  p.  115). 
From  Lincolnshire  the  Lias  crosses  into  Yorkshire,  where  its  range 
and  character  become  the  subject  of  the  present  work*  North  of 
this  point  it^  met  with  but  in  scattered  patches — ^in  Shropshire, 
Cumberland,  the  eastern  coast  and  western  isles  of  Scotland,  and  the 
north  of  Ireland,  the  last  three  localities  being  severally  described 
by  Portlock,  Geikie,  Judd,  Bryce,  and  Tate.  It  will  be  noticed  that 
with  respect  to  the  English  lias  our  information  consists  almost 
entirely  of  memoirs  relating  to  various  portions  of  it  in  particular 
districts,  and  that  no  complete  account  of  the  Liassic  beds  as  exhi- 
bited in  any  locality  has  yet  appeared.  How  far  the  Yorkshire 
series  may  bo  considered  typical  for  the  rest  of  England  is  a  question 
which  may  better  be  considered  at  the  end  than  at  the  beginning 
of  this  work ;  but  we  may  at  once  state  that  the  whole  series  is  at 
least  so  far  frilly  developed  as  to  enable  us  to  illustrate  the  whole 
series  from  its  oldest  to  its  newest  stratum. 
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I.  Chronological  JBistory  of  the  jprinciptd  Qeological  Memoirs. 

Ik  giying  an  account  of  what  has  been  already  written  on  onr 
subject,  we  may  leave  out  of  consideration  those  notices  which  only 
occur  casually  in  general  works,  and  those  in  which  particular  fos- 
sils from  these  strata  are  described ;  the  latter  will  be  dealt  with  in 
the  Falfldontological  section. 

1818.  The  first  notice  is  that  of  the  Eev.  G.  Young,  in  his 
*  History  of  Whitby,'  in  which  he  describes  the  alum  strata  of  the 
vicinity  of  that  town ;  but  the  importance  of  this  geological  contri- 
bution is  overshadowed  by  the  same  author  publishing,  four  years 
after,  a  full  account  of  the  geology  of  the  whole  Yorkshire  coast. 

1821.  Smith  published  a  geological  map  of  Yorkshire,  but  by  an 
error  threw  no  light  on  the  lias. 

1822.  In  this  year  appeared  Young  and  Bird's  '  Geological  Survey 
of  the  Yorkshire  Coast.'  In  this  the  whole  series  receives  the  name 
of  the  alum  shale,  though  it  is  said  to  correspond  to  the  lias  of  the 
jsouthem  counties.  A  very  fair  description  of  the  various  members 
of  the  series,  as  seen  on  the  coast  section,  is  given,  the  Upper  Lias 
receiving  the  name  of  main  bed  of  alum  shale ;  the  ironstones  of 
the  Middle  Lias  are  described,  but  only  as  thin  bands  as  they  appear 
on  the  shore,  under  the  name  of  the  Eettleness  beds ;  the  bedis  be- 
low these  receive  the  title  Staithes  beds ;  and  the  Lower  Lias  appears 
as  the  lowest  alum  shale.  The  descriptions  of  sections  seen  are 
accurate  and  useful,  and  the  information  conveyed  is  considerable. 
The  same  authors  attempted  a  map  of  the  interior ;  and  though  they 
profess  to  have  visited  every  accessible  section,  the  resulting  map  is 
entirely  an  imaginary  one  and  of  no  value  whatever.  They  also 
gave  an  account  of  the  fossil  remains  ;  but  their  figures  are  rough 
and  scarcely  recognizable,  so  that  the  names  they  bestowed  can  only 
in  a  few  instances  be  retained. 

1826.  Prof.  Sedgwick  published  a  paper  in  the  <  Annals  of  Philo- 
sophy '  ^<  On  the  Classification  of  the  Strata  which  appear  on  the 
Yorkshire  Coast,"  and,  following  the  description  of  the  strata  ns 
given  by  Young  and  Bird,  finds  it  necessary  still  to  prove  that  the 
alum  shale  series  (as  the  whole  is  still  called)  is  equivalent  to  the 
lias  of  other  districts. 

1826.  "An  account  of  the  Strata  north  of  the  Humber  near 
Cave,"  by  the  Bev.W. Vernon  (afterwards  Harcourt),in  the  •Annals 
of  Philosophy.'     In  this  paper  the  range  of  the  Lias  at  its  most 
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southerly  appearance,  with  that  of  other  strata,  is  traced  with  con- 
siderable accuracy  on  a  small  geological  map,  which  has  not  yet 
been  improved.  He  also  gives  a  few  valuable  notes,  showing  that  he 
had  seen  what  wo  now  know  represents  the  ClevelMid  ironstone,  and 
records  its  existence  at  Everthorpe,  whore  it  can  no  longer  be  seen. 

1828.  In  this  year  Young  and  Bird  published  the  second  edition 
of  the  *  Geological  Survey,'  in  which  they  add  nothing  to  the  stra- 
tigraphical  information,  but  describe  several  new  fossils  unnoticed 
in  their  previous  edition. 

1829.  Phillips's'Illustrationsof theGeologyofYorkshire,'partl, 
"  The  Yorkshire  Coast."  This  well-known  work,  embracing  all  the 
Secondary  formations  of  the  county,  has  been,  up  to  this  time,  the 
chief  autiiority  on  the  Liassio  strata;  in  it  is  given  a  description  of 
them  as  displayed  upon  the  coast,  with  sections  at  various  places, 
and  scattered  notices  of  their  inland  occurrence.  In  this  work  the 
Lias  is  first  divided  into  the  Upper,  Middle,  and  Lower,  and  full 
lists  of  fossils  given  from  each  of  these  divisions.  Though,  how- 
ever, the  main  outlines  of  the  present  classification  were  thus  laid 
down,  the  additional  materials  in  the  shape  of  new  fossils  were  not 
so  large,  as  only  twenty-seven  previously  unknown  are  figured,  and 
unfortunately  not  described,  which  leaves  their  identification  in 
some  cases  doubtful;  of  the  remainder  recorded,  forty-seven  are 
adopted  from  Sowerby's  'Mineral  Conchology,'  twenty-five  from 
Young  and  Bird,  and  six  from  other  sources. 

18&  saw  the  second  edition  of  this  work,  which,  as  nothing  was 
added  in  the  interval,  may  be  regarded  as  a  reprint  of  the  first 
edition. 

1836.  In  voL  v.  of  the  second  series  of  the  *  Geological  Transac- 
tions '  were  published  two  papers  :— 

The  first  by  Louis  Hunton,  <'  Accompanying  remarks  to  a  section 
of  the  Upper  lias  and  Marlstone  of  Yorkshire,  showing  the  limited 
vortical  range  of  the  species  of  Ammonites  and  other  Testacea,  with 
their  value  as  geological  tests."  This  section  was  that  exposed  in 
tho  alum  works  at  Boulby  and  the  Middle  lias  beds  exposed  in  the 
diff  beneath  them,  termed  by  him  the  "  Ironstone "  and  "  Marl- 
stone"  series.  He  here  describes  the  strata  in  order,  and  states 
what  fossils  are  found  in  each,  and  tho  range  of  them  from  bed  to 
bed.  The  paper  contains  very  valuable  information  upon  a  limited 
portion  of  the  series,  and  is  tho  first  attempt  to  do  what  we  have 
undertaken  in  the  present  work,  namely  to  localize  the  fossils  in 
their  various  horizons. 

In  the  second  paper  by  W.  C.  Williamson,  "  On  the  distribution 
of  fossil  remains  on  the  Yorkshire  coast,"  the  same  work  is  at- 
tempted for  the  whole  of  tho  Lias,  and  tho  moro  easily  discovered 
facts  are  accurately  laid  down,  and  the  series  of  beds  divided  into 
(1)  the  Lower  lias,  (2)  the  Marlstone,  (3)  the  Upper  lias  or  alum 
Hhalc — drawing  the  Hnes  at  the  same  horizons  as  had  been  done  by 
Phillips  in  1829-^5. 

Seventeen  years  now  elapsed  before  any  further  contribution  was 
made  to  our  knowledge ;  but  the  next  was  an  important  one.     In 
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Young  and  Bird's  work  the  accompanying  geological  map  was,  as 
£Eur  as  the  laas  is  oonoemed,  purely  imaginary,  and  threw  no  light 
whatever  on  its  range ;  in  Phillips's  work  the  map,  though'small  (only 
the  8i;ce  of  a  quarto  page),  was  more  accurate,  and  gave  the  general 
features  of  the  range  of  tiie  lias  with  tolerable  correctness ;  but  in 
1853  Phillips  published  a  large  geological  map  of  Yorkshire, 
which  has  been,  since  Its  appearance,  the  only  guide  relied  on  by  all 
map-makers.  In  it  the  roads  and  other  such  landmarks  are  omitted, 
and  its  value  is  deteriorated  by  the  bad  topography ;  no  dislocatioDs 
jof  strata  are  inserted ;  and  the  lias  is  mapped  as  a  whole,  with  only 
partial  indications  of  the  presence  of  Middle  lias  beds.  It  is  thus 
.by  no  means  an  exhaustive  map ;  but  it  is  in  the  highest  d^pree  sug- 
gestive. It  has  been  the  basis  of  our  own  survey,  as  it  has  told  us 
where  to  look  for  lias,  and  where,  if  we  look,  we  shidl  find  none 
though  we  might  expect  it;  and  though  we  are  able  to  correct  many 
details,  espedally  in  the  norUiern  part,  yet  on  the  whole  we  cannot, 
bat  admire  its  near  approach  to  faot. 

1856.  Dr.  Albert  Oppel,  who  in  his  thirty-two  short  years  of  life 
made  himself  a  name  and  contributed  a  vast  amount  of  knowledge 
to  geological  science,  had  been  led,  from  his  study  of  the  German 
lias,  to  divide  the  whole  into  parts,  which  he  called  zones,  and 
which  were  characterized  by  particular  speciee  of  Ammonites,  and 
gmierally  by  a  special  fauna  (which  zcmes  have  been  found  most 
nseful,  and  we  retain  them  in  the  present  work),  in  this  year  pub- 
lished his  '  Juraformation  Englands,  Frankreichs  und  siid-westlichen 
PeutBchlands.'  In  tlus  he  gave  a  general  view  of  the  various  zones ; 
but  having,  in  order  to  render  his  work  complete,  visited  Yorkshire, 
lie  gives  Inicidentally  throughout  his  first  part,  which  relates  to  the 
lias,  various  notices  whidi  have  the  efiSdct  of  comparing  the  York- 
ahixe  lias  with  that  of  other  parts,  showing  the  existence  of  these 
zones  in  our  area,  and,  in  the  paheontologieal  part,  noticing  the 
fossils  he  found  in  the  various  zones  in  tlos  country.  His  work, 
though  a  general  one,  thus  laid  the  basis  of  the  foundation  on  which 
we  now  build ;  and  ours  is  the  complete  (as  far  as  we  can  make  it) 
carrying  out  of  the  ideas  then  promulgated,  and  shown  to  hold  good 
for  Yorkshire. 

1857.  ICorley,  John,  "  Cleveland  Ironstone.*'  *  Transactions  of 
North  of  England  Institute  of  Mining  Engineers,  Newcastie,'  vol.  v. 
pp.  165-219.  In  this  paper  are  recorded  the  most  material  facts 
connected  with  the  development  of  the  ironstone  trade  of  the  northern 
pert  of  the  Cleveland  district.  The  chief  topics  are : — the  ironworks 
in  the  northern  counties  prior  to  the  discovery  of  the  ironstone,  and 
to  the  application  thereof  in  the  north  part  of  Cleveland ;  the  history 
of  the  discovery  of  ironstone ;  a  sketch  of  the  principal  mines  opened 
out  since  1850,  accompanied  by  tabular  sections  of  the  ironstone 
series  at  each  place,  and  including  notices  of  the  top  seam ;  analyses 
of  the  stone  of  the  main  and  top  seams ;  concluding  with  an  account 
of  the  blast-furnaces  erected  since  1846,  and  a  few  facltj  connected 
with  the  possible  extension  of  the  Coal-measures  of  Durham  into 
North  Yorkshire. 
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1858.  Phillips  contributed  a  paper  to  the  Geological  Society, 
entitled  "  Comparative  Sections  in  the  Oolitic  Ironstone  Series  of 
Yorkshire."  The  greater  part  of  this  is  occupied  with  the  Lower 
Oolites,  their  character  and  range,  incidentally  throwing  light  on  the 
upper  line  of  junction  of  the  lias.  He  also  gives  three  sections  of 
the  latter,  at  Eston,  Grosmont,  and  Feliskirk — the  last  the  most 
important,  as  it  was  obtained  by  a  boring  of  which  this  is  the  only 
reliable  record. 

1860.  The  volume  of  the  Geological  Society's  Journal  for  this 
year  contains  two  papers  by  Dr.  Wright,  of  Cheltenham,  both  of 
which  have  partial  reference  to  the  lias  of  Yorkshire.  The  first  is 
"  On  the  Subdivisions  of  the  Inferior  Oolite  in  the  South  of  England 
compared  with  the  equivalent  beds  of  that  formation  on  the  York- 
shire coast."  In  1856  Dr.  Wright  described  the  sandy  beds,  con- 
taining a  large  number  of  Ammonites,  which  in  the  south  of  England 
overlie  the  true  Lias  clays  which  had  been  formerly  classed  with 
the  Inferior  Oolite ;  and  these  he  proposed  to  incorporate  with  the 
lias  under  the  name  of  Upper  lias  Sands,  on  the  ground  of  the 
identity  of  their  Cephalopoda  with  species  reckoned  liassic  by  con- 
tinental authors.  In  this  paper  of  1856  he  makes  no  allusion  to 
Yorkshire ;  but  in  the  paper  now  under  review  he  describes  certain 
beds  at  Blea  Wyke  in  Yorkshire,  and  correlates  them  with  those  he 
had  thus  called  Liassic.  We  shall,  in  the  sequel,  give  our  reasons 
for  considering  them  to  belong  to  the  Inferior  Oolite,  so  that  we  do 
not  regard  them  as  really  belonging  to  our  subject ;  but  as  they  are 
held  to  be  liassic  by  many  geologists  on  the  authority  of  Dr.  Wright, 
it  becomes  our  duty  to  discuss  them.  The  second  paper  is  "On  the 
zone  of  Avicvla  conioria  and  the  Lower  lias  of  the  south  of  England.'' 
This  is  the  first  attempt  to  apply  the  system  of  Ammonite  zones, 
originated  by  Dr.  Oppel,  to  the  Lias  beds  of  England  by  any  native 
geologist ;  and  though  it  has  reference  chiefly  to  the  south  of 
England,  with  which  Dr.  Wright  was  most  familiar,  yet  it  contains 
scattered  notices  of  the  zones,  as  far  as  the  Lower  Lias  is  concerned, 
as  they  are  seen  on  the  coast  at  Robin  Hood's  Bay.  And  here  we 
must  note  that  the  line  of  demarkation  between  the  Lower  and 
Middle  lias  has  been  shifted  since  the  time  of  Phillips,  or,  rather, 
that  two  different  lines  are  drawn  by  two  sets  of  geologists :  the 
one  set,  including  the  Geological  Survey,  Phillips,  and  Simpson,  draw 
the  line  at  the  base  of  the  limestones  and  sandstones  of  the  Middle 
lias,  which  is  thus  a  lithological  line ;  the  other  set,  including  Dr. 
Oppel,  Dr.  Wright,  and  ourselves,  draw  it  further  down,  in  the  middle 
of  the  series  of  clays,  where  no  very  marked  lithological  change 
takes  place,  but  there  is  a  break  in  the  continuity  of  the  fauna,  as 
clearly  shown  by  one  of  us  in  a  paper  in  the  Geological  Society's 
Journal  for  1870 ;  so  that  this  is  a  palseontological  line. 

1861.  Jos.  Bewick,  *A  Geological  Treatise  on  the  district  of 
Cleveland,  in  North  Yorkshire,  its  Ferruginous  Deposits,  Lias,  and 
Oolites.'  This  work  covered  to  a  great  extent  the  ground  which 
we  would  now  occupy.  Like  ourselves,  he  attempted  to  give  the 
range  of  the  Lias  beds  by  means  of  a  map,  with  especial  reference 
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to  the  ironstone  strata.  He  described  the  position  of  the  various 
subdiviBions,  and  gave  accurate  accounts  of  the  most  important 
sections.  It  might  seem  therefore  that  he  had  done  all  that  was 
needful  for  the  Yorkshire  lias ;  but  an  examination  of  his  work 
shows  that  it  is  not  so.  In  the  first  place,  he  was  not  a  geologist, 
but  a  mining  engineer,  and  he  examined  the  country  solely  with 
mining  objects  in  view,  and  thus  failed  to  see  it  with  that  compre- 
hensiveness that  is  needful ;  and  on  its  palseontology  he  threw  no 
light  at  all;  and  the  whole  work  was  limited  to  the  Cleveland 
district.  With  regard  to  the  map  we  cannot  speak  highly  :  thou^ 
on  it  was  attempted  more  than  on  Phillips's  map  of  1853,  namely 
the  tracing  of  the  subdivisions  of  Lower,  Middle,  and  Upper  lias^ 
yet  in  reality  far  less  was  accomplished ;  for  all  that  is  correct  in  it 
had  been  more  correctly  laid  down  in  Phillips's  map  by  means  of  his 
notices  of  where  the  Middle  lias  occurred,  and  all  the  additions  or 
differences  are  purely  imaginary ;  and  in  every  case  we  have  found, 
where  comparison  was  possible,  that  Bewick  was  wrong  and  Phil- 
lips was  right.  This  map  is,  therefore,  worse  than  useless ;  it  is  a 
step  backward  and  actually  misleading,  as  far  as  it«  outline  topo- 
graphy allows  it  to  lead  at  all ;  and  if  any  one  were  to  take  this 
map  as  a  guide  to  the  position  of  workable  ironstone,  or  its  amount, 
they  would  be  sadly  mistaken.  But  though  we  speak  thus  of  the 
map,  which  represents  what  Mr.  Bewick  has  not  seen,  we  must  bear 
testimony  to  the  accuracy  with  which  he  describes  what  he  has  seen, 
which,  indeed,  has  sometimes  been  of  use  to  us. 

1865-8.  Mr.  Simpson  published,  in  a  small  handbook  caUed  '  A 
Guide  to  the  Geology  of  the  Yorkshire  Coast,'  "  a  section  of  the 
Yorkshire  lias  "  as  seen  between  Whitby  and  Peak.  Its  chief  value 
is  its  localizing  the  various  fossils  before  named  by  the  author.  It 
consists  of  a  description  of  every  bed  of  the  Lias,  with  their  respec- 
tive thicknesses,  and  the  included  fossils.  In  some  parts  it  fairly 
represents  the  truth ;  but  in  others  it  is  not  possible  to  follow  it  at 
all  on  the  spot,  and,  as  portions  of  the  series  appear  to  be  omitted, 
gives  no  true  idea  of  the  total  thickness. 

1869.  Prof.  Phillips,  after  having,  in  previous  volumes  of  the 
Pakeontographical  Society,  described  the  Liassic  Belcmnites,  and 
among  them  those  of  Yorkshire,  in  the  volume  for  1868  (published 
in  1869)  gave  a  section  of  the  Yorkshire  lias  between  Saltwick  and 
Saltbum,  with  special  reference  to  the  position  of  the  species  of 
Belemnites  described,  but  also  giving  the  positions  of  other  fossils, 
but  not  in  this  latter  doing  more  than  Hunton  had  done  long  before. 

1871.  At  the  meeting  of  the  British  Association  at  Edinburgh 
one  of  us  read  a  paper  '^  On  the  Yorkshire  Lias,  and  the  Distribution 
of  its  Ammonites,"  which  was  merely  an  outline  of  one  portion  of 
the  researches  which  in  our  joint  hands  issue  in  the  present  work. 

1872.  And  the  same  may  be  said  of  another  paper,  in  the  Quar- 
terly Journal  of  the  Geological  Society  for  1872,  on  the  Infralias  in 
Yorkshire,  by  the  same  writer. 

1875.  A  third  and,  unhappily,  posthumous  edition  of  Phillips's 
*  Geology  of  the  Yorkshire  Coast.'    The  main  additions  in  this  issue 
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do  not  refer  to  the  lias,  with  respect  to  which  but  little  has  been 
done ;  and  what  has  been  added  may  be  considered  as  a  n^m^  of 
facts  previously  published  by  the  author  or  others,  while  the  distinct 
colouring  for  Middle  lias  has  been  omitted  from  the  map. 

II*  LfH  of  the  Prineipal  Warka  on  the  Desoriptivs,  Chemical,  and 
Economical  Geology  of  the  Yorkshire  Lias. 

AixisoK,  T.  **  The  Whin  Dyke  of  Cleveland."    Trans.  lit.  and  PhiL 

Boo.  of  Cleveland,  vol.  i.  (1869),  4  pp.  2  plates. 
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1861. 
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Blaxx,  J.  F.  **  On  the  Yorkshire  Lias,  and  the  Distribution  of  its 

Ammonites."    British  Assoc.  Beports,  1871. 
.  <<  On  the  Infralias  in  Yorkshire."    Quart.  Joum.  Geol.  Soc. 

vol.  xxviii.  pp.  132-147 :  1872. 
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CHAPTER  IIL 

BANGE,  EXTEZnr  AKD  OENEBAL  CHABACTEBS  OF  THE  TORKSHIBE  LIAS. 

YoKKSHiRE  is  divided  longitudinally  by  a  great  depression  or  plain, 
scooped  out  of  the  yielding  marls  of  the  Keuper  series,  along  the 
centre  of  which  the  North-Eastem  Railway  runs  by  Selby,  York, 
Thirsk,  Northallerton,  and  Stockton.  On  the  west  of  this  plain  we 
have  the  hilly  regions  of  part  of  the  North  and  West  Ridings  formed 
by  the  Carboniferous  and  Permian  rocks,  and  on  thoj  east  another, 
less  lofty  but  still  hilly  region  comprising  within  its  boundary  the 
well-known  moors  and  wolds. 

This  eastern  side  may  be  again  separated  into  divisions  nearly  cor- 
responding to  the  NorUi  and  East  Ridings.  Through  the  latter  run 
tho  chalk  wolds,  a  far  more  modem  set  of  hills  than  their  higher 
and  more  northern  neighbours,  and  which  overlap  all  the  under- 
lying strata  successively  from  the  lias  to  the  Neocomian.  The  older 
group  of  rocks  occupies  somewhat  of  a  basin-shaped  area,  broken 
into  on  the  east  where  the  Yale  of  Pickering  opens  into  the  sea  be- 
tween Filey  and  Flamborough  Head.  Throughout  this  area,  though 
tho  various  rocks  of  the  series  are  differently  developed  in  thickness 
and  importance,  yet  the  higher  are  on  the  inner  edge  of  the  basin, 
and  they  are  surrounded  by  the  older  strata,  which  thus  successively 
present  a  longer  range,  till  the  lowest,  or  Liassic,  have  the  longest 
and  widest  range  of  all. 

The  northern  portion  of  this  basin  is  far  more  largely  developed 
than  the  southern,  especially  the  beds  immediately  above  the  lias, 
t.  e,  the  Inferior  Oolite :  these,  in  the  north,  spread  out  into  moors  ot 
twenty  miles  breadth,  but  in  the  south  scarcely  cover  two  miles  ot 
country ;  but  everywhere  they  are  supported  by  the  Liassic  strata, 
which  dip  inwards  on  all  sides.  It  would  be  rash  perhaps  to  assert 
that  the  Lias  and  other  strata  were  here  deposited  in  a  basin-shaped 
area ;  but  they  certainly  present  that  appearance  now  round  more 
than  half  the  circumference.  Although  the  total  area  covered  by 
lias  in  Yorkshire  is  but  a  small  fraction  of  the  whole,  yet  this  is  by 
no  means  in  proportion  to  the  part  it  has  played  in  the  structure  of 
the  country  ;  especially  is  it  so  in  the  northern  portion,  where  largo 
tracts  possess  only  a  thin  coating  of  Oolite  rock,  whilst  the  main 
mass  of  the  wide  open  moor  is  supported  by  the  lias,  which  is  only 
brought  to  light,  however,  in  the  sides  of  the  deeper  valleys. 

Tracing  round  the  circumference  of  this  basin,  the  Lias  first  makes 
its  appearance  at  Blca  Wyke  on  the  coast ;  and  by  a  local  dis- 
turbance and  elevation  a  little  to  the  north  of  this,  in  Robin 
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Hood's  Bay,  a  considerable  portion  of  it  is  exposed  ;  but  it  soon 
ceases  to  form  the  surface  of  the  ground,  and  from  the  Bay  to  Whitby 
it  is  entirely  covered  by  the  Inferior  Oolite  and  can  only  be  studied 
(though  there  to  great  advantage)  in  the  cliff  sections.  Continuing 
northwards,  it  stall  appears  only  in  the  cliffs  and  in  the  bay-  and 
inlet-like  areas  of  varying  extent  running  in  from  the  sea,  as  at 
Sandsend,  Runswick,  Stai&es,  and  Skinningrove.  Lastly,  at  Hunt- 
diff,  near  Saltbum,  it  throws  off  its  Oolitic  burden,  and  becomes  a 
suriSace-rock  over  many  square  miles*  From  this  point  and  all  along 
the  west  escarpment  of  the  moorlands  it  is  more  fully  exposed,  but 
nowhere  so  much  as  in  the  north-western  portion,  where  also  many 
of  its  beds  are  most  fully  developed,  and  its  commercial  importance, 
from  its  yield  of  ironstone,  reaches  its  maximum*  It  is  here  too 
that  it  attains  its  greatest  elevation  above  the  sea  in  Great  Britain, 
namely  1200  feet  in  the  hiUs  south  of  Stokesley.  The  escarpments 
which  it  forms  in  this  western  portion  are  magnificent,  decreasing, 
however,  to  the  south,  till  by  the  time  it  has  reached  the  latitude  of 
Thirsk  it  has  sunk  into  insignificance;  throughout  this  course  it  pre- 
sents an  average  breadth  of  about  three  miles.  Beyond  this  point  it  is 
much  covered  with  superficial  deposits  (boulder-till  and  warp),  as  it 
is,  indeed,  throughout  its  northern  and  western  range,  on  the  lower 
parts,  and  is  only  to  be  discovered  here  and  there  in  chance  ex- 
posures ;  so  that  our  knowledge  of  its  upper  limit  is  greatly  guided 
by  the  range  of  the  lowest  beds  of  the  Inferior  Oolite,  and  the  lower 
limit  becomes  rather  conjecturaL  This  is  more  especially  the  case 
south  and  east  of  Easingwold,  until  wo  enter  the  East  Biding, 
where  another  set  of  features  appear,  which  are  unconnected  with 
the  basin-shaped  area  we  are  now  delineating.  We  have  hitherto 
refrained  from  mentioning  some  remarkable  inliers  of  Lias,  which 
form  the  bases  of  two  series  of  vales,  and  are  quite  a  study  of  them- 
selves. The  northern  series  of  these  vales,  viz.  Westerdale,  Danby 
Dale,  Fryup,  Glaizedale,  and  Eskdale,  are  drained  by  the  Esk,  which 
carries  their  waters  northwards.  The  southern  series,  including  Bils* 
dale,  Bransdale,  Farndale,  and  Eosedale,  are  drained  by  tributaries 
of  the  Derwent,  which  carries  their  waters  southwards  to  the  Hum- 
ber.  Without  entering  here  into  details  which  will  be  better  given 
afterwards,  these  facts  reveal  the  existence  of  an  anticlinal  coinci- 
dent with  the  watershed,  which  is  also  borne  out  by  observation,  and 
prove  that  on  the  north  the  beds  dip  north  on  the  whole,  and  on  the 
south  dip  south,  at  a  greater  rate  than  the  fall  of  the  rivers. 

It  is  thus  in  the  North  Biding  that  the  chief  development  (or,  at 
least,  exposure)  of  the  liassic  beds  takes  place.  In  the  East  Riding 
the  case  is  different ;  here  the  lias  is  everywhere  conformable  to  the 
underlying  Keuper,  but  for  some  distance  is  overlain  unconformably 
either  by  the  Oolite  or  the  Chalk,  and  can  only  be  traced  as  a  nar- 
row strip  where  it  may  chance  to  emerge  between  the  more  widely 
spreading  rocks.  Nevertheless  it  is  never  lost  sight  of ;  the  line  is 
continuous,  though  consisting,  as  might  be  supposed,  chiefly  of  the 
lower  portions.  We  are  not,  however,  to  suppose  that  the  upper 
portions  are  wanting,  as  they  are  only  covered  up  and  are  occa- 
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CHAPTER  IV. 

HELATIOVS  OF  THE  LIAS  AND  im^EBIOE  OOLITE. 

The  Oolitic  cJiaracter  of  the  Blea^Wylce  beds  and  their  equivalents. 
— ^Whcii  the  Oolite  rests  conformably  on  the  Upper  lias,  as  is 
generally  the  case  in  the  northern  and  also  in  the  extreme  Bouthem 
portion  of  our  area,  we  find  great  variety  manifested  in  the  charao- 
ter  of  the  junction.  In  most  localities  OoUtic  rocks,  generally  ferrugi- 
nous, rest  immediately  upon  the  alum-shale  series — though  in  some 
instances  they  so  gradually  change  in  character  as  to  make  it  difficult 
to  draw  the  line,  showing,  indeed,  that  the  deposition  was  continaoiiSy 
though  vast  lengths  of  time  were  occupied.  In  one  locality,  how- 
ever, at  least,  Blea  Wyke,  there  are  found  some  intermediate  beds 
containing  a  peculiar  assemblage  of  fossils  not  elsewhere  met  with, 
and  showing  even  a  more  gradual  and  complete  passage  between  the 
two  series  of  rocks. 

The  lithological  reasons  for  drawing  the  line  of  junction  elsewhere, 
here,  to  a  certain  extent,  fail,  and  we  are  thrown  back  chiefly  on 
paluiontological  evidence.  Does  its  guidance  teach  us  that  we  have 
drawn  our  line  elsewhere  wrongly,  and  that  we  ought  to  have  in- 
chidcd  Bomo  of  the  oolitic  rocks  in  the  Liassic  series  ?  This  has  been 
maintained  by  Dr.  Wright,  and  accepted  by  many ;  but,  apart  from 
the  great  inconvenience  of  having  so  marked  a  discrepancy  between 
the  results  of  palojontology  and  lithology,  and  of  drawing  the  line 
b(;twcen  two  great  formations  in  the  midst  of  rocks  of  exactly  the 
name  character,  while  a  marked  line  of  distinction  occurs  a  few 
feet  below,  we  are  of  opinion  that  the  contrary  is  the  result  of  palsd- 
ontological  evidence,  and  that  this  agrees  in  its  teaching  with  that 
of  the  lithology.  It  is  plain  that  we  must  settle  this  question  be- 
fore discussing  the  range  of  the  upper  limit  of  the  Lias. 

At  131ea  Wyke,  on  the  coast,  a  short  distance  south  of  the  Peak, 
and  the  most  easterly  point  of  exposure  of  Liassic  strata,  we  have 
the  following  section  (p.  19)  in  descending  order,  as  given  by  Dr. 
Wright. 

Dr.  Wright,  whose  description  (Quart.  Journ.  Geol.  Sec.  vol.  xvi. 
p.  3)  of  the  upper  beds  of  this  section  we  have  exactly  followed  in  the 
above,  excepting  the  addition  of  some  fossils,  would  draw  the  line 
between  the  Inferior  Oolite  and  Lias,  between  beds  No.  1,  and  No. 
2,  whereas,  we  would  draw  it  below  No.  5 ;  and  therefore  it  be- 
comes necessary  to  discuss  the  question  whether  beds  Nos.  2-5  are 
to  be  considered  Liassic  or  Oolitic — on  palceontological  grounds. 
The  Ammonites  arc  considered  by  Dr.  Wright  the  most  important 
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low sandstone. 
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G.  Shales,  with  layers  of 
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eensiSf  Ostrea  subauricularis, 
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7.  Alum  shale. 

Aoammwiis,  A.  bifrons,  Trigonia 
litterata,  Monotis  substriala, 
Leda  ovum,  &c. 

witnesses^  as,  on  their  evidence  on  the  question  in  the  Olouccster- 
ahire  district,  he  overthrows  the  nnanimous  testimony  of  the  other 
MoUusca  to  the  Oolitic  character  of  corresponding  beds.  What 
evidence  do  they  afford  here  ?  From  bed  No.  3  ho  quotes  A,  insignia 
and  A.  comensis,  both  reckoned  Liaasic  species;  from  No.  4  A.  aalen- 
siSf  and  from  No.  5  A.  aaUnsis  and  A.  comensis ;  while  ho  also  re- 
cords Au  insignis  and  A.  adUnsis  from  the  nodules  in  No.  6. 

*  IncorrecUy  written  Bla«  Wick  in  Dr.  Wright^  paper. 
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First,  with  reference  to  A.  imignis.  This  Ammonite  is  ezces- 
sirely  rare  in  the  Lias  beds  No.  6 ;  but  We  have  no  doubt  of  its 
occurrence  there.  The  sutures,  however,  differ  from  those  given  by 
D'Orbigny  for  A.  insignis,  in  being  far  more  simple ;  there  is,  more* 
over,  a  closely  allied  form  known  in  the  Inferior  Oolite,  called  A.  sub-' 
insignis  by  Oppel,  to  which  D'Orbigny's  specimen  and  those  from 
bed  No.  3  may  very  probably  belong. 

Secondly,  with  regard  to  A.  aalensis  and  A.  eomensis,  Tho 
common  Ammonite  in  beds  Nos.  4  &  5  is  undoubtedly  A.  Murchx" 
soncB.  These  three,  however,  are  very  difficult  to  distinguish,  even 
if  they  be  reaUy  distinct,  which  is,  perhaps,  doubtful. 

In  point  of  fact  A,  Mtirchisonoi,  A.  aalensis,  A.  eomensis^  A.  varir- 
abiUs,  all  belong  to  one  alliance,  and  may  be  confounded  with  one 
another ;  very  Httle  reliance  can  therefore  be  placed  in  the  names 
given  in  lists.  On  the  whole,  the  evidence  of  the  Ammonites  amounts 
to  this,  that  a  certain  family  of  them  (and  we  may  even  include  A^ 
insignis  in  the  category)  began  their  existence  before  the  great  number 
of  other  MoUusca  that  came  to  be  associated  with  them  in  Oolitic 
times ;  and  if  we  were  guided  by  this  alone,  it  would  be  rather  to 
lower  the  line  of  junction  beneath  tho  shales  with  A,  striatulus  than 
to  raise  it  any  fiirther. 

Again,  wi^  regard  to  the  liassic  Belemnites,  B,  eompressus  and 
i?.  irregularis  are  said  to  occur  in  these  disputed  beds;  the  presence, 
however,  of  tho  latter  is  not  confirmed  by  Phillips  in  his  Mono- 
graph on  the  British  Belemnites;  and  he  makes  the  so-called i?.  (xmt- 
pressus  a  distinct  species  under  tho  name  of  B,  inomatus,  separated 
by  tho  absence  of  any  ventral  groove.  Of  the  remaining  fossils 
Terebratula  trilineata,  Rhynchonella  cynocephala,  OerviUia  Hart- 
manni,  Pholadomya  fdicula  arc  characteristic  species  of  the  Oolite 
here  and  everywhere.  Lingula  Beanii  is  nowhere  found  in  the 
Upper  Lias ;  Vermetus  eompressus,  Serpula  diple^a,  and  Olyphcea 
Birdi  are  peculiar  to  these  beds ;  while  there  are  left  Discina  reJUxa 
and  Monotis  suhstriata,  which  are  undoubtedly  liassic  species, 
and  are  certainly  continued  into  these  beds.  We  have  thus  ana- 
lyzed the  evidence  brought  by  Dr.  Wright,  and  submit  that  it  affords 
no  good  reason  to  separate  these  beds  from  the  Oolite  to  which  they 
lithologically  belong ;  but  rather,  when  we  consider  the  many  new 
forms  which  are  first  introduced,  more  in  number  even  than  those  that 
have  passed  up,  and  tho  prevalence  of  a  new  form  of  Ammonite,  which 
had  only  appeared  as  an  allied  species  before,  we  have,  it  appears  to 
us,  good  grounds  for  believing  that  a  change  of  life-forms  took  place 
— not  in  tho  middle  of  the  deposition  of  sandstone  rock,  but 
when  it  first  began  after  the  deposition  of  shale.  We  therefore,  in 
this  place,  draw  the  line  between  the  Lias  and  Oolite  at  the  base  of 
bed  No.  5,  below  its  lowest  set  of  nodules,  as  was  done  by  the  older 
authors,  and  more  recently  by  Oppel  (1856)  and  Simpson  (1868) ; 
and  for  us  liassic  strata  are  shaly  to  the  top. 

It  has  been  necessary  to  enter  into  details  on  this  point,  that  we 
may  fix  our  line  once  for  all.  The  other  sections  we  can  then  inter- 
pret easily,  while  they  corroborate  our  conclusions  above,  and,  in 
fBLct,  render  any  other  almost  impossible  and  absurd. 
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Briefly,  then,  there  is  everywhere  found  underlying  the  lowest 
freestone  of  the  Inferior  Oolite  a  scries  of  beds,  variable  in  thickness 
and  in  mineral  condition,  which  contain  marine  fossils  belonging  to 
characteristic  species  of  the  Lower  Oolite.  Generally  the  strata 
consist  of  sandy  shales  containing  bands,  or  doggers,  of  fcrro-arena- 
ceous  limestone,  which,  however,  over  certain  areas  acquire  consi- 
derable development,  assuming  the  form  of  a  massive  arenaceo-fer- 
Tous  rock.  This  ironstone,  which  is  of  little  commercial  value, 
though  mined  at  a  few  places,  is  known  as  the  top  seaj^i,  and,  when 
fossiUferous,  contains  the  same  species  as  the  Blea-Wyke  beds,  and 
by  its  organic  contents  and  stratigraphical  position  is  the  equivalent 
of  the  Ironstone  beds  of  the  Northampton  Sand — the  propriety  of 
attaching  which  to  the  Inferior  Oolite  is  obvious  on  studying  the 
lists  of  fossils  given  by  Mr.  Sharp  (Quart.  Joum.  Geol.  Soc.  vol.  xxvi. 
p.  385). 

In  sJl  the  sections,  excepting  that  at  Blea  Wyke,  these  Oolitic 
shales  and  ironstones  rest  immediately  on  the  alum  shale ;  whilst 
at  that  place  70  or  80  feet  of  shales  with  cement  nodules  containing 
Ammonites  striatulus  intervene.  These  we  consider  to  be  the  only 
representatives  of  the  zone  of  "  Ammonites  jurensis  "  in  Yorkshire. 
Where  these  are  absent,  there  must  have  been  a  cessation  of  deposit 
— an  interval  of  rest ;  and  it  seems  at  any  rate  more  natural  that 
this  should  mark  the  dose  of  the  Liassic  period.  Indeed  this  is  not 
the  only  instance  of  the  truncation  of  the  Upper  lias,  inasmuch  as, 
in  its  southerly  range  along  the  western  escarpment,  the  upper  part 
of  it  alone  seems  to  be  diminished  in  thickness;  but  throughout  it  is 
covered  by  the  Oolitic  shales  and  ironstones, — phenomena  which  are 
sufficient  to  establish  the  Hno  of  separation  as  we  have  drawn  it. 
More  decided  evidences  of  unconformability,  of  a  local  character  only, 
can,  however,  be  adduced.  The  most  striking  example  is  presented 
by  the  outlier  of  Cold  Moor  between  Bilsdale  and  Raisdalo ;  on  its 
S.E.  escarpment  the  base  of  the  Inferior  Oolite  consists  of  a  fissile 
limestone  above,  largely  made  up  of  the  debris  of  Encrinites  and  Ci- 
darites,  and  a  ferruginous  sand  rock  several  feet  in  thickness  below, 
between  which  and  the  jet  rock  a  thickness  of  only  25  feet  of  Alum 
shale  intervenes.  This  feature  may  be  studied  behind  the  farm- 
steads of  Cock  Flat  and  Bank  House,  and  indicates  an  eroded  sur- 
face of  the  Upper  Lias,  the  axis  of  the  minimum  thickness  coursing 
in  a  nearly  N.E.  direction,  through  Round  Hill  at  the  southern  ex- 
tremity of  the  outlier,  about  one  mile  in  length  of  which  is  pre- 
served. The  escarpment  beyond  Bank  House  trends  to  the  north, 
and  the  Upper  Lias  is  seen  to  acquire  gradually  its  full  thickness ; 
this  circumstance  precludes  an  interpretation  of  the  phenomenon  by 
the  existence  of  a  fault  or  faults,  even  were  it  not  known  that  the 
jet-workings  penetrate  far  beneath  the  Oolitic  cover.  ^ 

The  basin  of  the  magnetic  ironstone  in  Rosedale  is  evidently  an 
analogous  phenomenon. 

Sections  of  the  Junction  heels  between  tJie  Lias  and  Oolite. — ^The 
sudden  changes  from  shale  to  ironstone  render  it  difficult  to  trace 
out  systematically  the  geographical  distribution  of  the  ferruginous 
development  of  the  Blea- Wykc  beds,  which,  however,  does  not  pro- 
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porly  come  within  the  scope  of  this  momoir,  though  it  is  desirable^ 
for  reasons  already  explained,  to  give  other  sections  illostratiTe  of 
the  junction  of  the  lias  and  Oolite. 
At  Saltwiok,  near  Whitby,  the  junction  is  very  simple. 


I 


Freettone  blodk. 

CarbonaoeouB  sandy  shales. 

Numerous  Ferns. 

2  ft.  8  in. 

Ironstone  band  with  dodger  be* 
low ;  about  8  or  10  in.  with 
pebbles;  fossils  rery  few  and 
badly  preserred. 

Cardium  aoutangulufn  (Ph.), 
Gresdya,  sp.,  Wood. 

9  ft.  0  in. 

Hard  blue  shale. 

Ammonites  mueronatus  (?),  A. 
eompUmaiuSf  Belemnites  Vol' 
tjeii,  B,  subaduncatus.  A,  w- 
riMlw  and  A,  hifrtms  at  a 
depth  of  5  feet. 

Cement-stones  Ac. 

P 


On  the  road-side  approaching  East  Row  from  Whitby,  and  distant 
about  4  miles  from  the  last  section,  the  basal  part  of  the  Inferior 
Oolite  is  exposed,  consisting  of  sandstone  with  agglomerated  iron- 
masses  6  feet  6  inches,  arenaceous  ironstone  5  feet,  sandy  shales, 
passing  into  alum  shale. 

The  section  exposed  at  the  Peak  New  Alum-works  is  very  simi- 
lar to  that  of  the  Whitby  Cliff,  though  within  half  a  mile  of  tho 
totally  different  junction  at  Peak  Steel.  There  is  a  great  fault 
which  cuts  off  the  latter;  and  it  seems  to  have  nearly  coincided  with 
tho  edge  of  an  area  of  deposition.  As  we  pass  up  the  valley  of  the 
Esk,  we  find  in  the  neighbourhood  of  Sleights  the  first  signs  of  that 
top  band  of  ironstone  which  in  Glaisdale,  and  far  to  the  west,  caps 
tho  Lias,  and  acquires  some  importance  as  an  ore.  In  the  Sleights 
New  Alum-works  we  have  the  following  section : — 

ft.  in. 

1.  Massive  freestone,  cross-jointed,  in  places  flaggy 

for  the  lower  1-3  feet 26    0 

2.  Carbonaceous  sand;^  shale 2    4 

3.  White  sandy  bed,  similar  to  that  containing  the 

Equisetum  at  Whitby',  graduating  into 1     3 

4.  Sandy  beds  splitting  into  irregular  layers,  partly 

carbonaceous,  with  thin  shaly  layers 3    9 

5.  Concretionary  sandstone,  with  irony  junctions  ...      4    0 
().  Solid  sandstone,  concretionary  at  the  top,  three  or 

more  courses,  irregular  ferruginous  partings,  but 
scarcely  an  ironstone 9    4 

7.  Sandy  shale,  white  band  at  the  top 2    9 

8.  Shale,  nodular  band  1  foot,  gradually  becoming 

true  alum  shale  at  less  than  30  feet    Am.  com- 
munis^ Monoth  substriat^i 56    0 

Hero  Nos.  5  &  6  are  undoubtedly  the  representatives  of  the  iron- 
stone band  of  2  feet  8  inches  at  Whitby,  showing  how  it  has 
swelled ;  but  it  is  still  not  fossilifcrous,  or  very  sparingly  so.  The 
peculiar  concretionary  structure,  however,  shows  its  relation  to  the 
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sections  further  west,  where  this  character  is  more  fully  developed. 
The  Lias  shale  also  differs  from  that  at  Whitby  in  changing  its 
character  towards  the  top,  in  this  section  becoming  very  sandy, 
showing  the  change  to  be  here  more  gradual,  and  that  we  have 
more  beds  intercalated. 

On  the  opposite  side  of  the  valley,  in  a  beck  just  west  of  Aislaby 
village,  is  another  section  showing  the  junction ;  and  though  the 
face  is  rather  disturbed  and  broken,  it  is  a  remarkable  one. 

ft.  in. 

1.  Thick  sanditone  rock 10  0 

2.  Concretionary  sandfltone  3  0 

d.  Shale,  with  many  lines  of  blue  Oolitic  doffgers  ...      5  0 

4.  Double  sandstone  band,  f  ossiliferous.    Bdtnmite^ 

Peeten  disaiformis,  Trigonia   striata^  Modiola 
plieata 1    8 

5.  lias  shales,  with  indurated  bands.    Fossils  scarce. 

Bel,  irreffulari$,  Gresdya  6    0 

Here  the  line  must  be  drawn  below  No.  4,  which  seems  to  be  a 
thickened  and  fossiliferous  representative  of  the  nodular  band  of 
No.  8  in  the  last  section,  showing  that  the  lias  is  here  followed 
by  beds  which  are  similar  Hthologically,  though  differing  in  their 
fossils ;  and,  indeed,  it  seems  necessary  to  remark  that  the  apparent 
junction  of  shale  and  stone  is  often  not  the  upper  limit  of  the  Lias, 
but  that,  at  some  varying  distance  down  this  shale,  another  fossili- 
ferous stone  band  occurs  of  comparatively  slight  thickness,  which 
is  the  true  base  of  the  Oolite — ^proved  so,  as  it  seems  to  us,  by  the 
presence,  in  various  localities,  of  many  of  the  most  characteristic 
Inferior  Oolite  fossils. 

In  these  cases  it  is  a  palaeontological  line  that  we  draw  ;  but  in- 
stead of  raising  it  above  Oolitic  beds,  we  depress  it  into  the  midst  of 
shales.  We  are  far  from  asserting  that  the  lines  drawn  in  various 
localities  as  the  top  of  the  Lias  represent  the  same  exact  epoch  of  time, 
but  only  that,  in  each  locality,  when  the  top  bed  thus  marked  off  had 
been  deposited,  the  conditions  of  the  Oolitic  period  had  set  in  before 
the  deposition  of  the  next. 

A  typical  section  of  these  junction  beds  is  that  at  Beck  Hole,  at 
the  h^  of  Goathland ;  it  is  as  follows : — 

Ikferioe  Oolite. 

ft.    in. 

1.  Thick-bedded  sandstone. 

2.  Arenaceous  ironstone 10    0 

3..  Ferruginous  sandstone 1    6 

4.  Sandy  shales,  with  a  dogger  bond  in  the  middle  .       1     G 

5.  Doggerband  0    9 

Uppeb  Lias. 

6.  Black  shale,  like  alum  shale,  with  scattered  dog- 

gers      23    0 

jSninonites  crassus  and  Monotis  sttbstriata  fomid 
in  this  bed  at  a  depth  of  20  ft '. 

In  the  vaUey  of  Glaisdale  the  basement  beds  of  the  Oolite  are 
seen  to  advantage  along  its  sides,  especially  on  Snowdon  Nab,  and 
^nsLst  of  a  sandy  ferruginous  stone  about  12  feet,,  and  coarse 


24  IBK  TOUKBHIBS  LIA6. 

sandy  shales  passing  into  ordinary  alum  shale — the  change  complete 
at  a  depth  of  7  feet.  At  the  now  abandoned  mines  of  the  Top  Seam 
the  section  is  not  well  enough  exposed  to  throw  farther  light  on  the 
junction. 

From  the  fossils,  however,  of  the  ironstone  which  Dr.  Wright 
claims  as  lias,  i.  e,  as  equivalent  to  the  beds  in  dispute  at  Blea  Wyke, 
we  obtain  valuable  information.  Here  Bhynchondla  cynoeephala 
and  Terehratida  iriline^ita  are  associated  in  great  numbers  with  such 
fossils  as  Ostrea  jlahelloides^  Ceromya  concentrica,  Pholadomya 
Heraulti,  Bhynchondla  suhtetraedra^  Modiola  cuneata,  Maria  eom^ 
posita,  which  prove  the  first-named  fossils  to  be  characteristic  of 
beds  fiill  of  Oolitic  species,  and  equivalent  to  the  lowest  fossiliferous 
stone  band  of  the  Inferior  Oolite,  as  occurring  at  Aislaby  and  else- 
where. 

In  the  next  vale,  however,  at  Great  Fryup  Head,  though  the  spot 
is  rather  inaccessible,  one  of  the  finest  sections  possible  is  exposed, 
making  perfectly  plain  in  that  district  the  relations  of  the  two  for- 
mations.    It  is  as  follows : — 

ft   in. 

1.  Thick-bedded  sandstones  with  wood    50    0 

2.  Thin  flaggy  sandstone,  thicker  at  the  base  15    0 

3.  Thick-bedded  sandstones  16    0 

4.  Carbonaceous  shales  6    0 

5.  Concretionary  sandstones  with  ironstone  junctions    13    U 
().  Hard  blue  shale,  rough  and  irregular 4    6 

7.  Dogger  beds,  with  nests  of  small  decayed  fossila — 

BdcmniteSt    Penfacrinus,    Pholadomya^   Pecten 

tens?.  Pinna 6    6 

8.  Moro   shaly  black-coloured   beds;    in  the  lower 

part  seyeral  fossiliferous  nodules — Avicula  Mun- 

afcrit  Pholadoniya 5    6 

9.  Harder  stone  band,  with  fossils — Bel,  gigantcus...       1     0 
10.  Bluish  white,  irregularly  shaly  beds,  very  crumbly, 

with  Gre^ya  (ibducta  (?)  (vertical),  at  24  feet 
down.  Monotis  substriafa  at  30  feet,  whence 
downwards  it  is  quite  blue  and  regular  alum 
ehale 70    0 

In  this  section,  instead  of  1  foot  8  inches  of  ironstone,  as  at  Whitby, 
between  the  carbonaceous  shales  and  the  LiaSy  we  must  here  reckon 
five  beds  of  united  thickness  34  feet  3  inches ;  it  would  appear  tliat 
No.  5  represents  the  top  seam  of  ironstone,  here  of  great  thickness, 
but  that  wo  must  draw  the  upper  line  of  Lias  above  the  top  of  No. 
10,  leaving  17  feet  6  inches  between.  Other  sections  in  the  same 
vale,  as  at  Jackdaw  Crags  and  Stanch  BuUen,  give  similar  results, 
but  need  not  bo  here  repeated. 

Another  most  instructive  section,  however,  which  may  be  seen  in 
Danby  Dale  under  "  Bakers  Nab  "  or  "  Double  Dyke,"  a  more  ac- 
cessible spot,  must  not  be  omitted. 

ft.   in. 

1.  Thick-bedded  freestone 8    0 

2.  Coal  shale   5    6 

3.  Freestone,  becoming  thin-bedded  at  the  hase,  and 

containing  a  0-inch  concretionary  band  of  iron- 
stone  , 12    0 
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ft.    in. 

4.  Blue  shale,  tgtj  like  alum  shale,  but  rougher  and 

more  micaceous 6    6 

5.  Bubbly  ironstone,  with  fossiliferous  nodules ;  no- 

dular for  6  inchee;  more  shaly  band  2 feet;  ir- 
regularly broken  ironstone,  ifanatis-^ubstriaia 
band 7    6 

6.  Bubbly  irregular  dayey  stone,  changing  insensibly 

to  amm  shale  at  30  feet,  with  nodulw 80    0 

Here  the  various  portions  of  5  are  the  equivalents  of  Nos.  7,  8,  9 
ia  Pryup  Head,  and  show  that  this  band  is  diminishing  again.  The 
fossils  are  very  numerous  and  remarkable : — 

Ammonites  Murchisonic.  Trigonia  costata  (?). 

Chemnitirfa,  Macrodon,  Turbo.  striata. 

Pholadomya  Heraulti.  Avicula  Miinsteri. 

Pecten  lens.  Monotis  substriata. 

Hinnites  yebitus.  Bhynchonella  Crossii. 

Terebratula  trilineata.  cynocephala. 

Cardium  stria tulum,  Ph.  (non 
Sow.). 

This  is  seen  to  rest  immediately  on  the  Lias,  in  which  there  are 
some  rotten  nodules,  which  tnay  represent  the  striatulus-hedR  on 
the  coast ;  it  is  undoubtedly  the*  equivalent  of  the  Glaizedale  iron- 
stone. 

These  same  fossiliferous  beds,  with  similar  fossils,  are  seen  in  the 
bank  of  the  stream  on  the  east  side  of  Castleton,  north  of  Howe  Hill, 
where  we  have  the  following  section : — 

ft.   in. 

1.  Black  shales,  with  coal-smut 

2.  Black  shales    

3.  Sandy  ferro-argillaceous  limestone,  breaking  into 

cuboidal  pieces ;  a  shaly  parting  diyides  it  into 
two  courses ;  the  upper  band  contains  small  con- 
cretions        1     6 

4.  Sandy  micaceous  shales — Gressii/i8  and  Pinna    ...      5    0  seen. 

A  few  yards  to  the  south  the  alum  shale  appears. 
The  fossils  of  No.  3  are  as  follows : — 

Ammonites  Murchisonss.  Pecten  yimineus. 

Dentalium  elongatum.  disciformis. 

Pholadomya  Heraulti.  Pinna,  sp. 

Gbniomya  angulifera.  Monotis  substriata. 

Gresslya  abducta.  Ostrea  Sowerbyi. 

Cardium  striatdium,  Ph,  Clypeus,  sp. 

Trigonia  pulla  (?).  Pentacrinus. 

Cucullea  cancellata.  Clione. 
Tancredia,  sp. 

As  it  is  only  in  this  northern  portion  of  the  district  that  these 
junction  beds  have  their  full  development,  or  that  sufficiently  instruc- 
tive sections  may  be  found,  we  shall  give  one  more  illustrative  of 
this  point,  viz.  that  to  he  seen  at  the  Lofthouse  Alum-works. 
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Section  measured  on  tJie  west  side  of  the  Bay  in  the  cliff  due  north  of 
the  Hamlet  of  Upton, 

ft. 

1.  Soa  4 

2.  Boulder-day* 9 

3.  Sondv  shales 3 

4.  Black  shales,  with  ooal-Bmut 3 

5.  Sandy  shales   1 

6.  White  brashy  sandstone 3 

7.  Greyish-blue  sandy  micaceous  shales— jet  4 

8.  Bluish  shales,  micaceous  and  sandy,  with  thin 

sandy  calcareous  layers— jet  10 

9.  Impure  limestone  dogger  0 

10.  Shale — Ammonites  Murchisona 1 

11.  Impure  limestone  dogger — zinc-blende,  iron-py- 

ntes  0 

12.  Sandy  shale 2 

13.  Band  of  small  cylindrical  nodules  of  impure  clay' 

ironstone  

14.  Band  of   ferro-argillaoeous  limestone — Gresslya 

donaciformiSf  BeUmnites  subaduncatus J 

16.  Sandy  shale,  with  rounded  concretions  in  middle.      4    6 

16.  Shale  somewhat  sandy,  with  cement-stone  nodules      G    3 

17.  Blue  shales,  with  Ammonites  erassus,  A.  bifrons,  A. 

fihulatus,    Trigonia  litterata,   Gresslya  donaci- 
farmis,  Belemnites  vulgaris. 

Here  we  encounter  a  considerable  thickness  of  sandy  argillaceous 
beds  beneath  the  main  block  of  sandstone,  low  down  in  which  is  the 
ever-recurring  fossiliferous  band  Xo.  11,  containing  the  same 
general  assemblage  of  species.  How  far  below  it  the  line  should  be 
drawn  is  difficult  to  say;  the  two  fossils  in  No.  14  are  Liassic 
species ;  but  the  smooth  character  of  the  ordinary  alum  shale  is  not 
exhibited  tiU  bed  17  is  reached,  and  it  may  be  convenient  to  regard 
No.  15  as  the  base  of  the  Oolite. 
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Fossils  of  bed  No.  11. 


Belemnites. 

Actaeon  Sedgyici. 

ActaeoninamitKcformis,  Braun. 

Den  tali  um  entaloides,  Desk. 

Ostrea  flabelloides. 

Anomia,  sp. 

Plicatula. 

Lima  toarcensis. 

Pecten  lens. 

Mytilus  imbricatus. 

cuneatus. 


Pema  isognomoides,  StahL 
Leda  rostralis,  La  ink. 
Cucullaja  oancellata. 
Corbula. 

Quenstedtia  oblita. 
Entomostraca. 
Serpula. 
Pentacrinus. 

Alethopteris  polypodioides,  Lindl.  ?, 
fragments  of  pmnules  with  eori. 


The  following  section,  measured  at  the  eastern  end  of  the  Boulby 
Alum  Quarry,  one  mile  and  a  quarter  from  the  last,  exemplifies  the 
extreme  variability  in  the  mineral  condition  of  these  Oolitic  beds. 

ft.    in. 

1.  Sandstones  58    0 

2.  Shaleei,  with  coal-smut   2    0 


*  About  12  feet  of  shales  and  the  main  sandstone  have  been  denuded. 
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ft.  in. 

3.  Bubbly  sandstone  6  6 

4.  Coaly  shales    17  0 

5.  White  sandy  shales    7  0 

6.  Grey  sandstone   38  0 

7.  Ferro-argillaoeous  sand  rock,  with  marine  fossils .  1  0 

8.  Grey  sandy  shale,  with  ferro-argillaoeous  stone 

htuads  about      7    0 

9.  Alum  shale. 

Bed  No.  7  would  seem  to  be  the  equivalent  of  No.  11  in  the 
Lofthouse  Quarry,  whilst  the  overlying  shales  in  that  section 
have  run  out  or  in  part  merged  into  ttie  lower  block  of  sandstone, 
No.  6. 

Range  of  the  upper  Umii  of  ths  Lias. — ^Having  said  so  much  upon 
the  right  position  of  the  junction  between  the  lias  and  Oolite,  we 
will  now  trace  its  range  throughout  our  area. 

After  rising  &om  the  shore  at  Blea  Wyke,  and  reaching  an  ele- 
vation of  nearly  300  feet,  it  is  suddenly  thrown  still  higher  by  a 
great  dislocation,  on  the  west  side  of  which  it  occurs  at  a  height  of 
600  feet,  but  not  maintaining,  as  mentioned  before,  the  same  cha- 
racters. It  is  here  well  seen  in  the  magnificent  artificial  escarp- 
ments of  the  Peak  and  Brow  Alum-works ;  it  gradually  sinks,  however, 
from  the  dislocation,  so  that  on  the  sides  of  Howdale  Beck  it  is  only 
at  500  feet;  from  thence  it  sinks  far  more  rapidly,  and  in  less  than  a 
mile  westward  the  junction  is  seen  in  a  stream  at  an  elevation  of  280 
feet  only,  which  it  maintains  for  half  a  mile  to  the  north ;  here, 
however,  the  line  of  junction,  continuing  northward,  rises  as  rapidly 
to  500  feet  at  Park  Gate,  descends  100  feet  to  Bow,  and  sweeps 
round  the  north  of  Eobin  Hood's  Bay  at  the  same  elevation  till  it 
turns  northward  again  and  descends  into  the  cliff  a  little  south  of 
Hawsker  Bottoms.  This  line  of  range  shows  the  existence  of  a 
large  synclinal, axis,  with  the  beds  dipping  down  on  either  side  at  5® 
to  8® — exactly  the  contrary  phenomenon  to  that  which  is  presented 
on  the  coast,  showing  that  the  exposure  of  the  lias  here  is  due  to  a 
centre  of  elevation  somewhere  beneath  the  sea,  nearly  opposite  to 
the  middle  of  the  bay. 

After  passing  Eobin  Hood's  Bay  the  lias  is  no  more  seen  on  the 
surface,  and  gradually  descends  lower  in  the  cliff,  the  Oolite  reaching 
the  shore  at  two  places ;  after  some  gentle  undulations  it  is  beginning 
to  rise  again  at  Whitby  Harbour,  when  it  is  cut  off  by  a  downthrow 
fault  of  75  feet,  so  that  on  the  north  of  the  harbour  only  Oolite  is 
seen.  Thus,  though  Whitby  is  celehrated  for  its  lias  cliffs,  it  so 
happens  that  not  a  single  house  of  the  town  stands  upon  that  for- 
mation. Bobin  Hood's  Bay  is  a  complete  inlier ;  it  may,  indeed,  be 
considered  as  the  most  easterly  of  a  series  of  such  inliers,  which  are 
caused  by  certain  elevations  and  dislocations,  and  of  which  the  dales  of 
Westerdale,  Danby  Dale,  Fryup,  Glaizedale  and  Eskdale  are  the  more 
westerly ;  but  as  it  appears  on  the  coast  it  comes  in  for  description 
first.  Were  it  not  for  these  subsequent  disturbances,  the  Oolites  would 
occur  all  the  way  to  Sandsend,  past  Whitby,  and  the  lias  would 
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gradually  rise  to  its  westerly  escarpment  by  Eston  and  Stokesley,  to 
be  succeeded  in  regular  course  by  the  Keuper.  The  Lias,  then,  in  its 
continuous  development  appears  first  about  three  miles  from  Whitby, 
at  Eaithwaite,  near  Sandsend ;  the  difiEis  further  north  are  all  com- 
posed  of  it ;  and  the  alum-works  are  excavated  in  the  upper  part. 
It  only  appears  inland,  however,  in  two  narrow  gorges  worn  by  two 
streams  which  reach  the  sea  at  Sandsend,  the  sloping  banks  formed 
of  alum  shale  being  covered  with  trees  and  forming  the  picturesque 
woods  of  Mulgrave  Castle ;  the  junction  of  the  two  formations  is 
seen  at  Hall  Scar  and  Biggersdale  Hole.  On  reaching  Clay-Moor 
End,  at  the  south-west  corner  of  Bunswiok  Bay  it  turns  inland,  but  is 
not  traceable  for  more  than  half  a  mile  along  the  edge  of  Clay  Moor ; 
it  now  is  deeply  buried  beneath  Boulder-day  which  fills  a  broad  de- 
pression extending  westward  towards  Eousby  and  Boulby  and  Bor- 
rowby,  soon  after  which  it  is  again  seen  at  the  surface,  showing  on 
the  north  an  Oolitic  outlier  on  which  Eunswick  and  Hinderwell 
stand. 

The  Fpper  Lias  again  forms  a  deep  valley,  divided  into  two  parallel 
gorges  by  a  tongue  of  Boulder-clay  partially  supported  by  a  small 
oudier  of  Oolite,  at  Rousby  and  Easington  Becks ;  west  of  this,  how- 
ever, the  surface  of  the  country  rises  so  high  that,  in  spite  of  having 
now  reached  an  elevation  of  550  feet,  the  Lias  returns  ahnost  entirely 
to  the  cliffs,  the  tops  of  which  at  Boulby  and  Lofthouse  Alum-works 
are  in  the  Inferior  Oolite.  The  gorge  of  Skinningrove  again  allows 
it  to  run  inland ;  and  after  passing  round  the  heacUand  to  the  east  of 
Saltbum,  it  finally  leaves  the  sea-shore  and  supports  the  bold  hills 
which  face  westward.  The  country  here,  however,  has  been  subjected 
to  great  denudation,  by  which  two  large  Oolitic  outliers  are  left,  one 
that  of  Upleatham,  and  the  other  forming  Eston  and  Wilton  Moors. 
In  this  neighbourhood  also  the  elevation  of  the  main  mass  is  by  no 
means  constant,  nor  does  it  uniformly  rise ;  on  the  average,  however, 
it  is  about  600  feet  above  the  sea.  Good  sections  of  the  junction 
beds  are  afforded  in  this  part  of  their  range  at  Skelton  Alum- works 
near  Saltbum,  Bock  Hole,  Slape  Wath,  and  Cass-Rock  Quarry  near 
Guisbro'.  After  passing  Slape  Wath,  where  it  runs  into  the  Oolite 
in  a  deep  bay,  it  gradually  rises  along  an  escarpment  facing  N.W. 
to  900  feet  at  Roseberry  Topping.  This  hill  is  capped  by  a  small 
patch  of  Oolite,  forming  an  outlier,  as  are  also  two  portions  of  the 
neighbouring  high  ground — Coates  Moor  and  Xildale  Moor.  The 
Lias  appears  here  in  all  the  excavated  valleys,  and  runs  far  in  between 
the  hiUs  to  the  east  of  Kildale  station  for  more  than  three  miles.  To 
the  south  of  this,  opposite  Ingleby  Greenhow,  it  forms  a  magnificent 
scarped  face  in  Battcrsby  Crags,  where  it  reaches  more  than  a 
thousand  feet  elevation.  Soon  after  this  the  line  of  junction  turns 
boldly  to  the  west. 

The  great  valley  of  Bilsdale,  being  open  by  two  branches  on  the 
north,  may  be  said  to  belong  to  the  main  mass  of  lias ;  but  wo  had 
better  pass  it  by  and  indude  it  with  the  closed  valleys,  with  which  it 
has  more  analogy. 

The  Lias  then  passes  along  the  head  of  Bilsdale  by  the  outliers  of 
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Hasty  Bank,  Cold  Moor,  and  Cringley  Moor,  having  now  reached  its 
highest  point  at  1200  feet.  From  hence  it  again  turns  south,  or,  rather, 
south-west,  and  loses  its  elevation  as  it  does  so,  coming  down  again 
to  800  feet  at  Inglchy  Amdifife ;  from  this  point  it  turns  entirely 
south.  It  then  follows  the  sinuosities  of  the  hills  hy  Osmotherly, 
there  forming  a  deep  and  wide  tongue,  thence  hy  Cowesby,  Kirby 
Knowle,  apparently  not  cutting  off  the  Xnowle  itself  as  an  outlier, 
and  on  to  Feliskirk.  Here  it  has  descended  to  a  level  of  520  feet, 
the  junction  being  seen  on  the  Boltby  road  near  Stonecliff  Wood. 
In  coming  from  Osmotherly  (there  is  a  good  section  in  the  old  alum- 
works  at  this  place),  an  Oolitic  outlier  is  left  to  the  west  of  the 
C8(^urpment  surrounded  by  Upper  Lias,  and  stretching  in  a  narrow 
strip  four  miles  southwards  to  Borrowby. 

After  passing  Feliskirk  no  line  of  junction  can  be  seen  for  a  great 
distance,  though  the  ferruginous  base  of  the  Oolite  is  traceable  along 
the  scarped  front  of  the  low  hills  in  this  district ;  in  this  way  we 
believe  that  it  makes  a  detour  northwards  behind  Mount  St.  Johns, 
reaching  nearly  to  Boltby ;  frt>m  thence  it  returns  to  Thirlby  and 
under  (leaves,  where  it  is  less  than  300  feet  above  the  sea,  unless, 
as  is  not  quite  impossible,  the  Cleaves  Hill  be  an  enormous  slip  for- 
ward of  the  Oolite  over  its  surface.  At  all  events  it  rapidly  rises 
again  to  about  a  level  of  400  feet  in  the  neighbourhood  of  High 
Kilbum,  as  its  junction  can  be  clearly  traced  along  the  western  slope 
of  the  hills  and  in  the  roadsides  beneath  that  village ;  about  |  mile 
to  the  south  of  this  it  meets  with  the  mass  of  rocks  of  newer  age  let 
down  into  it  by  a  disturbance  affecting  the  whole  country  in  the 
neighbourhood  of  Coxwold,  and  mixing  the  rocks  of  various  ages  in 
a  marvellous  way ;  the  actual  line  of  junction  therefore  is  faulted 
back,  and,  passing  by  Snape  Wood  (which  contains  the  lower  but  not 
lowest  beds  of  the  Inferior  Oolite),  runs  far  out  to  the  west,  round  by 
Hutton  Sessay,  to  the  south  of  which  the  lias  runs  in  again  to  its 
-  natural  line ;  but  the  junction  is  a  fault. 

We  find  the  true  junction  again  at  Husthwaite,  where  it  may  be 
easily  traced  along  the  hill,  gradually  rising  from  Coxwold.  It 
maintains  the  high  ground  above  Husthwaite  till  it  is  again  cut  off, 
and  then,  taking  a  level  of  less  than  200  feet,  runs  round  a  tongue 
of  Oolite  that  reaches  nearly  to  the  Thirsk  and  Easingwold  road. 
After  this  it  turns  east,  and,  while  it  is  thickly  covered  by  till  &c., 
there  is  no  reason  to  doubt  its  running  a  regular  course  by  Oulston 
Bank  and  Brandsby,  leaving  a  small  Oolitic  outlier  at  the  top  of 
Crayke  Hill ;  and,  finally,  near  Terrington  the  two  formations  become 
unconformable,  and  continue  so  for  a  great  distance. 

South  of  Market  Weighton  the  two  are  again  conformable;  and 
the  junction  emerges  from  beneath  the  Chalk  halfway  between  that 
town  and  Sancton,  at  which  latter  place  it  meets  with  a  fault  which 
throws  it  up.  Thence  it  keeps  on  Ihe  west  side  of  the  road  to  South 
Ne^bold,  where  it  is  upheaved  again,  thence  to  South  Drew  ton, 
where  it  is  depressed  by  a  dislocation,  and,  proceeding  by  way  of 
Everthorpe  and  Brough,  gains  the  Humber,  and  crosses  into  Lin- 
colnshire. 
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CHAPTEll  Y. 

THE  BSJEIIG  SEBIBS  AND  THE  BELATIONS  OF  THE  LIAS  WITH 
THE  KEXJFEB. 

OwDTCh  partly  to  the  depth  of  Bonlder-day  which  covers  the  low 
ground  of  the  y  alley  of  the  Tees,  and  partly  to  the  soft  nature  and  com- 
mercial unimportance  of  the  rocks  which  lie  near  the  junction  of  tho 
liassic  and  Eeuper  formations,  the  opportunities  afforded  for  the 
study  of  that  junction  are  few  and  far  between  ;  and  though  we  are 
able  to  record  the  existence  of  Rhsetic  beds  in  Yorkshire,  with  their 
characteristic  fossils,  yet  it  is  certainly  not  in  this  county  that  they 
find  their  best  illustration, — so  little  so,  that,  however  it  may  be 
possible  or  desirable  to  separate  them  from  the  lias  in  more  southern 
districts,  it  is  not  so  here,  at  least  as  far  as  mapping  is  concerned. 
All  we  can  do  is  to  give  a  description  of  those  few  sections  which 
show  us  the  junction,  and  detail  the  other  exposures  of  beds  imme- 
diately above  or  below  it  which  serve  to  guide  us  as  to  its  range. 

Northern  Area, 

Nowhere  on  the  surface  do  the  strata  of  the  lias  and  Eeuper 
present  a  section  which  satisfactorily  shows  their  true  succession. 
Such  a  one,  however,  was  afforded  in  the  progress  of  sinking  the 
gypsum-pit  midway  between  Eston  Junction  and  Eston  Mines,  in 
1868.  The  strata  which  were  then  passed  through  have  been 
tabulated  by  Mr.  W.  H.  Peacock  (Trans.  Cleveland  Lit.  and  Phil. 
Soc.  1870,  p.  10),  but  xmaccompanied  by  any  pahcontological  particu- 
lars; and  no  reasons  are  assigned  for  the  separation  of  a  certain 
thickness  under  the  heading  of  Rhaetic.  Fortunately,  Mr.  George 
Lee,  then  of  Eston,  occasionally  visited  the  pit  while  the  work  was 
going  on,  and  collected  specimens  of  some  of  the  rocks  met  with, 
taking  care  to  ascertain  the  precise  depths  of  their  occurrence,  and 
their  thicknesses.  By  taking  Mr.  Peacock's  published  account  and 
adding  to  it  the  particulars  collected  by  Mr.  Lee,  we  are  enabled  to 
submit  the  following  section  (p.  31),  in  which  the  descriptions  pre- 
ceded by  an  asterisk  are  furnished  by  Mr.  Lee's  specimens. 

The  occurrence  of  two  of  the  characteristic  shells  of  the  Rhoetic 
in  stratum  No.  20  is  satisfactory  proof  that  this  subformation  is 
present  in  tho  north-eastern  extremity  of  the  Jurassic  system  in 
England ;  but  how  much  of  the  section  described  above  is  to  be 
included  under  the  term  cannot  be  determined.  Stratum  No!  21, 
from  partaking  the  character  of  No.  20,  must  obviously  be  associated 
therewith.    The  abrupt  change  in  the  mineral  condition  on  entering 
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1.  Hallikeld  Farm,  1|  mile  E.N.E.  from  Brompton.  In  the 
plantation  bordering  the  stream  which  flows  by  the  west  side  of  the 
farm-house  are  paper-shales  weathering  brown  and  containing 
obscure  fossils — ^possibly  Isodonta  Ewaldi ;  these  are  succeeded  by 
other  shales  and  shelly  limestones,  chiefly  constituted  of  Fieuromym 
and  oysters  belonging  to  the  "  Planorhis  "  series. 

2.  Grey  and  greenish  Eeuper  marls  are  seen  along  the  road-eide 
leading  south-east  from  Northallerton  to  Crosby  CotCi  just  by  the 
tail  of  the  letter  g  in  High  Thomborough  (1-inch  Ordnance  Survey) 
and  extending  70  yards  down  the  slope  of  the  hill.  Fla^y  sand- 
stones occur  in  the  bank  on  the  crest  of  the  hill,  and  are  turned  up 
by  the  plough  in  the  adjacent  fields ;  they  contain  casts  of  Proto^ 
cardium  PhiUppianum  {C.  rhcgticum)  and  Isodonta,  sp.  ? 

3.  In  the  upper  part  of  the  stream-course  (called  Dibdale),  which 
flows  by  High  Thomborough,  3  furlongs  W.N.W.  from  the  last 
exposure,  there  are  displayed  black,  laminated,  micaceous  shales 
with  ferruginous  discoloration  between  the  partings,  containing 
Casdandla  contorta,  Isodonta  Ewaldi,  and  Protocardium  PhUippia- 
num.  The  bank  on  the  west  side  of  the  stream  is  capped  by  sheUy 
limestones  (which,  from  the  abundance  of  a  species  of  Phuromya,  we 
call  the  P^eurom^a-limestones),  which  are  vertically  about  30  feet 
above  the  position  of  the  shales  with  CassianeUa  contoria.  These 
Pfouromya-limestones,  which  are  encountered  in  several  sections, 
and  contain  oyster-bands,  commence  the  true  Lower  lias.  This  is 
the  only  locality  in  which  they  are  brought  into  relation  with  the 
Ehsetic  beds,  as,  though  found  in  the  Eston  gypsum-pit,  their  posi- 
tion Tjfas  not  ascertained.  Nevertheless  we  have  not  determined 
the  true  succession  from  the  Cassiandla-contorta  shales  to  these  lime- 
stones. 

4.  Between  Thomton-le-Beans  and  Thomton-le-Moor,  the  fields 
and  superficial  wells  along  the  edge  of  the  escarpment  show  frag- 
ments of  grey,  micaceous,  Rhsetic  sandstones  reaching  3  inches  in 
thickness. 

At  the  base  of  the  knoll  on  which  Hill-top  Farm  stands,  and  on 
the  north-west  of  it,  blue  Keuper  marls  are  exposed;  and  x)n  its 
summit  Os<rai-limestones  are  turned  up  by  the  plough ;  whilst  near 
the  stream-course,  nearly  south-west  of  the  farmstead,  a  well-sinking 
revealed  black  pyritous  shale  with  CassianeUa  coniorta  and  a  granu- 
lar  whitish  grey  sandstone  with  much  pyritous  matter,  1^  inch 
thick.  This  sandstone  contains  debris  of  fish,  as  also  a  finely 
laminated  splintery  shale  adherent  to  it ;  but  though  the  remains 
are  plentiful,  yet  they  do  not  constitute  a  fish-bed  comparable  with 
that  in  other  external  localities ;  associated  with  the  fish  are  Cassia- 
neUa eontorta,  Isodonta,  and  Protocardia,  The  excavation  seems  to 
have  been  limited  to  the  Kha^tic  beds.  Scales  of  GyroUpis  Alherti 
are  abundant,  associated  with  teeth  of  Acrodus  minimus  and  Saurich- 
ihys  apicalis. 

Southern  Area, 

1.    Easingwotd. — Among  the  spoil  of  a  woU-sinking  in  a  field 
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called  '*  Paradise,"  on  the  footpath  to  Crayke,  fragments  of  Bhsetic 
and  Eeuper  rock  were  abundant ;  but  it  seems  improbable  that  the 
rocks  were  there  in  situ. 

2.  Howsham. — In  Howsham  Wood,  in  a  little  streamlet-course 
descending  the  hill,  from  near  Wood  House  to  the  Derwent,  are 
seen  many  blocks  (apparently  coming  from  different  beds)  of  a  hard 
blue  crystalline  limestone  of  irregular  fracture  containing  Cassianella 
eontorta,  Monotis  fallax,  Modiola  minima^  and  Ostrea  liasBica ;  no 
complete  section,  however,  can  be  seen.  At  the  back  of  the  same 
hill  in  Boon  Wood,  Mr.  Fox  Strangways,  of  the  Geological  Survey, 
haa  found  black  sKales  with  Cassianella  contorta.  We  have  met 
also  with  black  papery  shales  on  the  opposite  side  of  the  small 
valley  near  Nearfield  House,  but  without  the  characteristic  shell. 

3.  Bugthorpe, — In  tracing  up  the  strata  that  appear  in  Bugtborpe 
Beck,  very  shortly  after  seeing  the  last  trace  of  the  red  marls  of  the 
Keuper,  the  river-bed  is  crowded  with  blocks  of  a  hard,  brown, 
coarse-grained  sandstone ;  in  one  of  these  we  were  fortunate  to  find 
a  well-preserved  fragment  of  bone,  about  3  inches  long,  apparently 
part  of  the  rib  of  an  Ichthyosaurus.  This  is  but  a  poor  apology  for 
a  bone-bed ;  but  these  sandstones  must  no  doubt  be  on  about  the  same 
horizon.  They  lay  unmixed  with  blocks  of  i^eurom^a-limestone, 
which  occurred  in  profusion  some  little  way  further  up  the  stream. 
None  of  these  beds,  however,  has  any  exposure  in  situ  here. 

The  Rhaetic  fossils  discovered  in  Yorkshire  are  given  in  the  fol- 
lowing list ;  of  these  Acrodus  minimus,  Protocardium  PhUippianum, 
Monotis  faUaXy  Modiola  minima^  and  Ostrea  liassica  pass  to  higher 
horizons : — 

IchthyosauruB  (bone)    Bugthorpe. 

Sfturichthys  apicalis,  Aff Thornton . 

AcroduB  minimuB,  Ay Thornton. 

GyrolepiB  Alberti,  Ay Thornton. 

Protooardium  Philippianum,  Dunk. .  Thornton ;  Eston,  near  Northaller- 
ton. 

Iflodonta  Ewaldi,  Bomemann Eston ;  Hallikeld,  near  Northaller- 
ton; Thornton, 

Caaeianella  oontorta^  Porilock Eston,  near  Northallerton ;  Hill- 
top, Thornton ;  Howsham,  Boon 
mod. 

Monotis  faUaz,  i^fZiicAifr  Howsham. 

Modiola  minima,  &>t& Howsham;  Eston. 

Ovtrea  liassica,  iS^rtcKaW  Howsham. 

Exposures  of  the  Keuper  near  the  Junction, 

The  most  northern  in  the  county  is  in  the  cliff  on  the  foreshore 
of  the  river  Tees  near  Lazenby  station.  Here  the  upper  part  of 
the  diff,  about  25  feet  high,  consists  of  Boulder-clay  resting  upon 
hard  red  marls  with  greenish-coloured  marly  limestone,  about 
6  feet  below  which  are  softer  red  marls  with  ramifying  and 
intersecting  veins  of  gypsum.  Parts  of  the  gypseous  stratum 
stand  out  from  the  cliff  in  hummocky  masses  about  6  feet  in 
height,  forming  a  grotesque  but  picturesque  foreground  (as  seen 
from  a  distance)  to  this  imimposing  front  of  rock ;  its  uniformity  is 
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further  broken  by  the  contrast  of  colours  presented  by  the  dark 
red  of  the  Boulder-clay,  the  lighter  red  and  greenish-blue  of  the 
marls,  and  the  white  and  greenish- white  of  the  gypsum. 

These  New  Red  Marls  dip  to  5P  S.  of  S.E.,  at  an  angle  of  about 
3° ;  and  from  the  known  character  of  the  upper  part  of  the  Keuper, 
as  determined  in  the  Eston  gypsum-pit,  there  is  no  doubt  that  the 
New  Red  here  has  not  suffered  much  denudation. 

At  Lackenby  station,  a  mile  to  the  south-west  of  the  preceding 
section,  the  gypsum  has  been  worked  from  below  a  cover  of  about 
14  feet  of  Boidder-clay. 

The  boring  at  Middlesborough,  made  by  Ifessrs.  Bolckow  and 
Yaughan  in  search  of  water,  made  known  the  thickness  and  cha- 
racter of  the  Keuper  formation  in  this  district.  The  depth  attained 
was  1313  feet  4  inches,  the  first  70  feet  of  which  was  in  superficial 
deposits,  the  only  covering  to  the  gypseous  marls. 

In  the  bed  of  the  stream,  above  and  below  the  bridge  over  which 
passes  the  turnpike  road  leading  from  Ormsby  to  Stainton,  and 
close  to  the  Ormsby  railway-station,  are  hard  red  marls,  suc- 
ceeded above  by  green  marls  comparable  to  those  situated  near 
the  top  of  the  Keuper  in  certain  other  localities. 

At  Stainton,  3^  miles  south  from  Stockton,  the  gypseous  marls 
are  seen  in  contact  with  the  whinstone  dyke. 

Several  exposures  of  the  New  Red  may  be  seen  in  the  bed  of  the 
river  l/cven.  This  river,  from  a  mile  above  Hutton  Rudby  to  its 
confiuence  with  the  Tees,  flows  between  high  banks  composed  of 
Boulder-clay  resting  on  Keuper  marls,  which  form  the  floor  of  the 
valley  and  are  seen  rising  here  and  there  into  low  terraces  from 
10  to  15  feet  in  height,  as  at  Leven  Bridge,  Middleton  Mill,  Hut- 
ton,  and  Rudby.  At  Hutton  Rudby  a  most  conspicuous  stratum  is 
a  fissile  granular  marly  stone,  green  and  variegated  externally,  but 
of  a  pink  colour  on  the  fractured  surfaces ;  at  the  base  of  the  cliff 
on  which  the  village  stands  this  rock  is  about  2  feet  in  thickness,  is 
overlain  by  red  marls,  and  superimposed  on  red  marls  with  gypsum. 
The  Keuper  in  this  neighbourhood  exhibits  gentle  undulations,  with 
a  general  dip  of  about  7°  to  the  S.  or  S.S.E. 

The  last  section  of  red  marls  in  the  line  of  dip,  and  approaching 
to  the  Liaasic  area,  is  in  the  Potto  beck,  at  about  130  yards  below 
its  junction  with  the  Potto  slack ;  it  is  covered  with  Boulder-clay. 

Passing  to  the  south-west,  and  hence  following  the  trend  of  the 
Jurassic  escarpment,  the  next  known  position  of  the  New  Red 
marls  is  halfway  between  West  Rounton  and  East  Harsley,  as 
determined  by  a  well-sinking. 

Between  this  and  Northallerton  no  exposures  are  known';  the 
next  landmarks  are  the  Rhaetic  and  Keuper  exposures  before  men- 
tioned near  Thornborough  and  Thorn ton-le-Moor.  The  road  leading 
into  the  latter  village  from  Borrowby  is  formed  of  red  marls  nearly 
to  the  top. 

Blue  and  red  marls  with  gypsum  are  seen  in  an  excavation 
behind  the  ice-house  at  Wood  End ;  the  uppermost  bed  is  an 
indurated  band  similar  to  that  not'Cd  near  Hill-top. 
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The  next  exposure  near  the  junction,  that  we  know  of,  is  at  a  well 
near  the  tan-yard  at  South  Kilvington,  showing  that  the  bne  runs 
eastwards  towards  Thirsk.  A  little  to  the  south  of  this,  however,  it 
must  take  a  sudden  bend  to  the  west,  as  we  find  Liassic  strata  at 
Topcliffe.  This  outshoot  is,  no  doubt,  connected  with  a  great  fault, 
which  we  mentioned  in  connexion  with  the  upper  limit  of  the  lias, 
especially  as,  very  soon  after,  we  find  the  Keuper  again  to  the  east 
— ^not  indeed  in  «»(u,  but  so  completely  forming  the  red  gravel  of  the 
Condall  bank,  as  to  show  its  dose  proximity,  being  probably  sup- 
ported  below  by  some  Liassic  limostanee. 

South  of  this  placeYor  a  very  great  distance  we  know  of  no  expo- 
sure except  the  doubtful  one  at  Easingwold.  The  junction,  no 
doubt,  trends  east;  but  its  exact  line  is  indeterminable,  owing  to  the 
vast  accumulations  of  Boulder-clay  and  warp.  It  is  not  till  we 
reach  the  neighbourhood  of  Barton  Hill  that  this  covering  disap- 
pears and  we  are  enabled  to  study  the  solid  rocks  below. 

The  exposures  of  the  Keuper  then  become  numerous  and,  in  a 
certain  sense,  continuous,  and  the  line  of  junction  with  the  lias  is 
determinable  to  within  a  few  yards. 

Passing  the  Barton-Hill  station,  the  red  marls  may  be  well  traced 
along  the  hill-side  on  the  north  of  the  railway  to  a  little  above  Clay 
Hall,  but  not  further,  leaving,  however,  a  small  tongue  of  Liassic 
strata  cut  through  by  the  railway.  On  the  south  side  they 
are  exposed  everywhere  in  brook-sides;  and  a  fine  section  of 
the  upper  part,  consisting  of  green  and  white  marls  with  bands  of 
coarse  white  sandstone,  is  seen  on  the  west  bank  of  the  Derwent  by 
Howsham  Mill ;  across  the  river  it  may  be  clearly  traced  along  the 
base  of  Howsham  Wood.  Its  upper  line  is  by  no  means  at  the 
same  level  in  all  these  neighbouring  places ;  at  Barton  cutting  it  is 
about  100  feet,  at  Clay  Hall  nearly  150,  and  at  Howsham  Wood 
not  much  above  50  feet  above  the  mean  level  of  the  sea.  The  over- 
lying Lias  beds  are  not  horizontal,  but  rise  northwards  and  slightly 
westwards  to  a  fault. 

The  village  of  Howsham  lies  on  the  Keuper,  the  line  of  junction 
running  just  east  of  it,  and  continuing  to  the  south  with  a  nearly 
easterly  course  past  Leppington  Grange,  where  it  is  well  exposed  in 
the  river-banks,  to  within  a  quarter  of  a  mile  of  Acklam  Wood, 
the  last  seen  of  it  in  this  direction  also  being  in  the  side  of  the 
stream.  The  last  mile  of  this,  however,  is  but  a  tongue  exposed  by 
the  denudation  of  the  lias,  which  again  stands  out  on  the  Lepping- 
ton clifis,  and  supports  the  village,  the  whole  valley  being  red  marl, 
which  may  be  traced  all  along  the  base  of  the  hill,  and  is  exposed 
in  some  fiiie  sections  near  the  Leppington  corn-mill ;  from  here  the 
the  line  of  junction  runs  south  along  the  base  of  the  Barthorpe 
bank,  after  which  the  lias  again  forms  an  outstanding  hiU  a  little 
to  the  north  of  Bugthorpe.  This  latter  village  stands  entirely  upon 
Keuper,  as  may  be  seen  in  many  small  exposures.  It  is  surrounded, 
however,  by  the  lias  like  an  amphitheatre,  that  formation  capping 
a  hill  to  the  south  of  it,  called  Barf  Hill.  It  was  from  the  streams 
near  this  village  that  some  of  the  earliest  figured  fossils  in  England 
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were  obtained  by  Lister.  The  line  of  junction  is  here  thrown  half 
a  mile  eastward  by  a  fault  which  passes  near  Garrowby,  on  the  high- 
road ;  on  the  south  of  this  fault,  along  the  side  of  a  stream,  many 
fine  sections  of  the  Eeuper  may  be  seen,  but  they  do  not  consist  of 
the  uppermost  beds ;  they  are  hard  flaggy  sandstones  alternating 
with  white  and  red  marls,  much  tilted  and  contorted  in  the  neigh- 
bourhood of  the  fault. 

We  pick  up  the  line  of  jimction  thus  thrown  out,  a  little  to  the 
east  of  the  Garrowby  and  Bishop- Wilton  road,  which  runs  along  the 
base  of  a  low,  chalk-capped  hill ;  the  base  of  this  lull  is  the  Eeuper, 
and  the  middle  portion  Lias.  These  two  formations  are  strangely 
mixed  in  the  broken  face  of  the  hill,  and  if  anywhere  the  junction 
of  them  is  to  be  actually  seen,  this  is  the  most  favourable  place, 
should  a  larger  landslip  than  usual  expose  the  undisturbed  rocks 
beneath. 

The  village  of  Bishop  Wilton  lies  on  the  red  marl,  which  may  be 
seen  everywhere  along  the  streets  and  in  aU  the  banks ;  the  boun-' 
dary  runs  through  the  site  of  Archbishop  Neville's  palace,  and  then 
again  turns  to  the  south-west ;  after  leaving  the  village  the  line 
runs  due  south  along  the  base  of  the  clifiy  hill,  passing  Givendale 
and  Grimthorpe.  In  Grimthorpe  Wood  the  Keuper  beds  may  be 
well  seen,  and  may  be  traced  onwards  to  Swineridge  Bridge.  They 
are  seen  again  near  Ousthorpe  Mill,  and  occur  in  the  wells  of  Pock- 
lington.  South  of  this  town  they  are  thickly  covered  by  gravels, 
and  their  only  known  exposure,  till  we  come  near  the  village  of 
Nunbumholme,  is  in  a  brick-yard  on  the  side  of  the  railway,  about 
a  mile  from  Pocklington.  The  line  of  junction  runs  hard  by  the 
church  of  Nunbumholme,  the  last  hill,  coming  from  Bumby,  being 
entirely  red  marl ;  from  hero  the  same  beds  may  be  traced  on  to 
Londesborough,  where  they  are  well  exposed  in  the  stream-side  by 
the  avenue  leading  up  from  the  station ;  hence,  again,  they  are  con- 
tinuously seen  till  we  reach  Market  Weighton,  where  just  north  of 
the  railway-station  they  alone  were  met  with  in  a  well-sinking. 
The  western  portion  of  this  town  lies  on  the  Keuper,  the  banks  and 
wells  exposing  it ;  but  the  exact  line  of  junction  is  not  well  deter- 
mined. South  of  this  the  country  is  so  covered  by  glacial  drift, 
often  of  great  thickness,  that  the  New  Red  marl  is  scarcely  ever 
seen  near  where  the  probably  highest  bed  might  be.  The  elevated 
hill  of  Holme  is  Keuper  to  the  top ;  but  between  this  and  the  hiUs 
of  North  and  South  Cliff  but  little  is  to  be  seen.  In  the  excavations 
near  the  farm  of  Bielsbeck,  whence  interesting  remains  of  mammals 
(the  mammoth,  the  lion,  the  bear,  Bos,  the  rhinoceros,  the  red 
deer,  <fec.)  have  been  obtained,  the  red  marl  is  reached  at  the  base, 
and  probably  extends  still  further  to  the  east ;  but  from  here  to  the 
Humber  the  base-line  of  the  Lias  is  more  or  less  hypothetical  and 
must  be  determined,  if  at  all,  by  other  considerations  than  direct  obser- 
vation. 

We  shall  now  enter  upon  the  description  of  the  various  zones  of 
life  in  the  Lias  as  enumerated  on  page  16.  Our  plan  will  be  to  give 
complete  sections  of  the  beds  of  the  zone  as  exhibited  in  the  most 
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typical  locality,  and  then  notice  the  occurrence  of  sections  or  expo- 
sures of  these  beds  in  other  localities,  thereby  tracing,  as  far  as  may 
be,  the  range  of  each  zone.  The  paleeontology  of  each  zone  will  be 
discussed  after  its  stratigraphical  description,  and  its  relations  with 
the  zones  above  and  below  it  exhibited.  In  so  doing  we  shall  give 
the  justification  of  the  zonal  division,  and  make  clear  how  far  it  can 
be  legitimately  earned  out.  Numerous  Entomostraca  and  Eoramini- 
fera  have  been  found  in  most  of  the  zones  which  we  shall  enumerate ; 
but  as  it  is  well  known  that  the  latter  of  these,  at  least,  retain  their 
specific  identity  (so  far  as  the  term  species  can  bo  applied  to  them) 
through  several  formations,  and  are  even  identical  with  living  varie- 
ties, we  cannot  include  them  in  the  number  of  species  given  from 
each  zone  as  common  to  two  or  more,  as  that  would  hide  the  pro- 
portion of  peculiar  species  to  the  number  of  really  variable  types 
which  have  a  greater  range  than  in  one  zone. 


98  ras  tork3hd»  uas. 


CHAPTEBYI. 

ZOJTE  OF  AMM02CITBB  PL1X0EBI8. 

1.  General  Features. — ^The  beds  between  the  foenOiferoiis  lone  of 
Ammonites  angulatus  above,  and  the  well-marked  Rhflstic  beds 
below,  have  for  a  long  time  been  a  difficolty  with  geologists,  owing 
partly  to  the  paucity  of  their  fossils,  and  partly  to  the  yariation  in 
their  lithology.  The  uppermost  portion  of  them  constitute  the  zone 
of  Ammonites  planorhis  with  all  authors ;  but  beneath  these  Mr. 
Moore  would  intercalate  two  others,  the  Enaliosaurian  and  the 
White  Lias. 

Now,  though  undoubtedly  the  lowest  beds  exposed  in  Yorkshire 
agree  in  character  and  fossils  with  the  lowest  of  these,  yet  as  we 
possess  no  great  depository  of  reptiles,  and  the  term  White  lias  has 
proved  a  misleading  one,  we  do  not  here  adopt  it,  but  practically 
agree  with  Dr.  Wright  in  including  all  the  lower  beds,  in  our  district 
at  least,  under  the  zone  of  Ammonites  planorhis. 

With  this  understanding,  they  may  be  described  as  consisting  of 
thick  beds  of  fossiliferous  days,  interspersed  with  thin  bands  of  soft 
limestones  (the  universally  acknowledged  planorbis-heda),  succeeded 
below  by  numerous  bands  of  hard  oystcr-Hmestones  (Ostrea  Jiassica) 
separated  by  narrow  beds  of  clay,  and  these  followed  again  by  thicker 
beds  of  clay,  with  variable  thinner  bands  of  crystalline,  or  else  soft, 
limestone.  The  cr}^8talline  limestones  contain  great  numbers  of 
PIeuromt/(B  (the  Pleuromya  limestones),  or  of  Modiola  minima  and 
Protocardium  Philippianum;  but  the  softer  ones  contain  only  inde- 
terminable impressions,  and  have  a  white  colour. 

2.  Typical  Sections, — The  typical  locality  for  thele  beds  (described 
by  one  of  us,  Quart.  Journ.  Geol.  Soc.  vol.  xxviii.  p.  132  et  seq.)  is 
a  low  escarpment  that  runs  from  North  Cliff  near  Market  Weighton 
towards  the  Humbcr  (fig.  1,  p.  41).  Here  the  beds  have  a  dip  to  the 
east  and  agentle  anticlinal  also  in  the  same  direction ;  they  are  cut 
into  by  numerous  pits  for  the  marling  of  the  adjacent  sandy  lands,  and 
thus  afford  very  good  sections  and  opportunities  of  collecting  fossils. 
Tlio  most  complete  of  these  is  contained  in  a  long  narrow  excavation 
close  to  the  village  of  North  Cliff:  it  is  as  follows  : — 
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No. 


Lithology. 


8. 
9. 

10. 
11. 

12. 
13. 

14. 
15. 
16. 
17. 
18. 
19. 


Surface  soil 

Rubblj  stone 

Bough  rubbly  clay 
Bubbly  stone 


Til    k- 
ness. 


Probable  base  of  anfftUaitu-hedB, 


Bough  yellow  clayb. , 

Stone,  ] 

Clay,    >  with  many  broken  shells. 

Stone,  J 

Bluer  day   

Double  sandy  stone   


Blue  day.. 


Sandy  broken  stone 
Blue  day 


Stone  

Blue  day.. 


2a 

21. 
22. 
23. 
24. 


25. 
26. 
27. 

28. 
29. 
30. 
31. 
32. 
33. 
34. 
HTy. 
30, 


Stone  

Clay    with    scattered    septarian 
nodules. 

Stone  

Blue  clay  with  few  fossils 

Bubbly  soft  stone 

Rough  yellow  day 

Bubbly  stone , 

Bough  day 


ft.  in, 
2  3 
1  6 
1  4 
0    8 


Fossils. 


3    2 


Base  of  the  first  section. 


Double  oyster-band 


Clay 

Broken-oyster  band  , 

Clay,  lightest  at  the  top 
Bubbly  stone , 


Base  of  the  oyster-beds 


Clay 

light  sandy  rubbly  day 

Clay  with  irregiilar  banoii  of  lime- 
stone (Pleuromya  limestone). 

light  sandy  day 

Clay 

Soft  white  stone... 

Clay 

Soft  white  stone 

Variable  clay 

Blue  clay 

Whitish  sandy  stone 

day  to  the  base 


3    2 

ro  8 

1  0 
|l    4 

2  2 
0    8 

2    0 


3    7 
5    6 

0    5 
3    7 

0  10 
2    0 

0  5 
9  0 
4 
4 
4 
5 


0 
0 
0 
0 


37    0 


0    6 


0    8 
0    2 


1  11 


0  10 

0  4 

1  6 


0    3 
0    6 


Ammonites  Joknstonif  Cardinia 
Lidferi,  OJrealiasinca,  Lima 
gigantta. 


Pentacrinitfs. 


Wood. 

Lima  gigantea,  Modiola  mi- 
nima. 

Am.  Johnstoniy  Ost.  liassica^ 
0.  irregularis^  Aviada  ina- 
quimlvis. 

Oysters. 

I^tocardium  Ph'dippianum^ 
Osirealiassica. 

LiTtia  giganfea. 

Cidaru  Edwardsii,  Dapedius 
(tooth). 

Modiola  minima. 

Am,  thhnstoni,  Hyhodus  mi- 
nor. 

Am.  planorbis  (compressed), 
ProtocardiumPhilippianum, 
IcUhyosa  urns,  sp.  (vertebra ) . 


Osfrea  liassica,  Protocardium 
Philippianum,  Macrodon  het- 
tangiensis,  Nautilus  striatus. 

Ostrea  liassica,  Monotis  fallax. 


Pleuromya  erowcombeia,  Mo 
diola  minima,  Protocardium 
Philippianum, 


2    0 


40 
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In  this  section  we  see  with  great  clearness  the  relations  of  the 
oyster-bands  and  the  Fleuromya  limestones  to  the  beds  above ;  but 
the  latter  are  not  largely  developed  here.  In  another  pit,  1^  mile 
further  south,  these  same  limestones  occur  again,  as  shown  in  the 
following  section : — 


No. 


lithology. 


CUy 

Stone  band  (the  equiralent  of  No. 
22  in  the  last  section). 

Clay  with  a  yariable  stone  band. 

Pleuromya  limestone  (=No.  27 
in  last). 

Clay 

Double  soft  sandy  limestone 

Clay. 

Pleuromya  limestone  (=No.  30 
in  last). 

Clay 

Narrow  band  of  Pleuromya  lime- 
stone. 

Clay  with  yariable  hard  bands. 

Sandy  PUuromya  limestone, 
weathering  white. 

Blue  clay 

Pleuromya  limestone 

Blue  clay 


Thick- 
ness. 


fl.  in. 

2  6 

0  3 

2  6 

0  4 

0  9 

0  4 

1  0 

0  5 

1  3 
0  2 


6    0 

0    4 

10    0 


Fonils. 


Ottrea  liamea 


Pleuromya   crowcombeia,   Os- 
trea  liassica. 

( ?  insects). 

Pleuromya  crowcombeia.  Mo- 
diola  minima. 

Pleuromya  crowcombeia,  Mo- 
diola  minima. 

Pleuromya  crowcombeia.  Mo- 
diola  minima. 


Here  we  have  these  limestones  fully  developed :  the  intermediate 
clay  beds  are  much  broken  up  by  thin  bands  of  soft  stone ;  but  the 
whole  series  well  illustrates  the  lithological  characters  of  the  White 
Lias,  or  the  insect-limestones  of  the  S.  of  England.  In  a  pit  still 
further  south,  close  by  the  crossing  of  the  road  to  Hotham,  another 
good  section  may  occasionally  be  seen,  in  which  we  may  trace  each 
bed  with  its  corresponding  one  in  the  section  above.  In  this  pit, 
however,  the  limestones  have  become  much  stronger.  No.  4  has 
become  ten  inches  thick,  and  No.  8  six  inches  thick.  In  the  last  pit 
Pleuromya  crowcombeia  was  chiefly  associated  withModiola  minima; 
in  this  the  limestones  contain  numerous  oysters,  and  we  may  even 
say  that  there  are  oyster-layers  lying  below  the  Pleuromya  limestones. 
In  the  clays,  however,  which  lie  at  the  base  of  this  quarry  the  only 
impressions  found  are  those  of  Pleuromyas ;  so  that  nowhere  here 
do  we  get  below  the  horizon  of  this  shell. 

The  clays  above  the  oyster-bands  in  these  exposures  of  the  planor- 
&t«-bcd8  are  remarkable  for  the  abundance  of  their  Eoraminifera, 
having  afforded  us  a  very  varied  gathering ;  but  with  the  oysters  they 
cease  as  we  trace  the  beds  downwards,  and  with  them  the  accom- 
panying EntomoBtraca. 

In  tracing  the  range  of  this  zone  across  the  country,  our  guides  are 
the  oyster  bands  and  the  Pleuromya  limestones,  no  other  portion  of 
the  series  being  sufficiently  marked  for  identification.  If  we  com- 
pare the  sections  above  given  with  the  fact  before  stated,  of  the  oo- 
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currence  of  these  limestones  about  25 
or  30  ft.  above  the  shales  with  C(u- 
sianella conicrta,in  the  neighbourhood 
of  Northallerton,  we  have  a  pretty  fair 
idea  of  the  true  sequence  of  the  beds, 
and  seem  to  learn  that  we  have  not 
£ELr  to  go  below  the  lowest  beds  at  Cliff 
to  reach  the  horizon  of  the  trueRhaetic. 
3,  Ot?^r  Exposures  of  the  "planoThiB-- 
zone, 

I.   Southern  Area. 

1.  In  the  first  cutting  of  the  rail- 
way from  Market  Weighton  to  Be- 
verley, close  by  the  bridge  leading  . 
from  Groodmanham,  the  lower  beds  of 
the  Lias. are  well  exposed,  dipping  to 
the  N.E.  They  chiefly  consist  of  clay : 
but  at  the  base  occur  bands  of  oysters; 
and  at  the  top,  limestones  with  lAma 
gigantea  and  Ammonites  Johnstoni. 

2.  Beds  of  this  age  crop  out  from 
beneath  the  Chalk  in  Londesborough 
Park.  They  may  be  well  seen  on 
the  east  side  of  the  valley,  forming 
the  banks  which  overhang  tiie  orna- 
mental water.  This  water  is  derived  ■ 
from  copious  springs  coming  from 
beneath  the  Chalk,  which  here  over- 
laps this  zone  of  the  Lias.  A  still 
better  section  may  be  seen  close  be- 
neath Park  Farm  on  the  other  side  < 
of  the  valley ;  here  the  waters  of  a 
spring,  passing  over  the  Lias,  expose 
the  various  courses  of  hard  blue  lime- 
stone and  interstratified  clays  which 
represent  the  zone. 

3.  On  tracing  up  the  stream  that 
leads  from  Nunbumholme  to  Warter 
we  meet  with  several  indications  of 
the  lower  part  of  the  Lias ;  about  a  ^ 
quarter  of  a  mile  up  we  see  the  oys- 
ter-beds ;  half  a  mile  further  on,  the 
blue  clays  and  limestone  bands  of  the 
upper  part  of  this  zone ;  and  about 
half  a  mile  from  Warter,  an  excava- 
tion with  the  fossiliferous  beds  to  the 
angulattis-zone. 

4.  The  bold  hiU  which  protects 
Pocklington  on  the  N.  and  E.  is  based 
upon  beds  of  this  zone,  which  may 
be  well  traced  in  the  side  of  the  lane 
leading  up  it  from  the  town.    Here 


^  ^p 
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Uii 
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^ 


<^ 
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are  exposed  the  interreiiiiig  daj  beds  mud  the  Uae  limesiones,  and, 
at  the  very  haae,  the  oyster-beds ;  while  fnm  above  are  washed 
down  small  fragments  of  the  foesiliferons  cji^/afii«-beds.  The  sue- 
cession  of  these  may  also  be  traced  aU  roond  this  escarpment  in 
Pocklington  Wood,  bnt  not  so  dearly. 

5.  At  Swineridge  Bridge  on  the  Girendal  road,  black  shales  hare 
been  dog  up  for  the  purpose  of  bride-making,  bat  were  foond  unsuit- 
able, the  spoil-heaps  have  unfortunatdy  3ridded  no  fossils  to  a  care- 
ful search ;  they  might  well  belong  to  the  zone  of  Casnandla  con- 
torta ;  but  if  not,  they  at  least  lie  towards  the  base  of  that  of  A, 
platwrbis. 

6.  In  its  continuation,  the  escarpment  of  the  lias  becomes  very 
bold  near  Grimthorpe ;  the  broken  ground  looking  S.W.  exhibits  nu- 
merous blocks  of  limestone  belonging  to  the  upper  part  of  the  zone. 

7.  In  the  fields  to  the  right  of  the  road  leaduig  from  Bishop  Wil- 
ton to  Garrowby,  numerous  fragments  of  the  Fleuromya  limestones 
are  scattered  about ;  and  a  little  further  on,  we  come  to  a  sceno  of 
great  landslips,  in  which  these  and  the  Keuper  marls  are  inextricably 
confused. 

8.  Ou  the  north  of  the  fsiult  which  here  pushes  the  lias  eastwards, 
we  find  at  Barf  Hill,  near  Bugtborpe,  numerous  fragments  of  Pleuro- 
mya  limestone,  obviously  not  far  removed  from  their  place. 

9.  We  have  already  mentioned,  in  connexion  with  the  Khsetic,  the 
occurrence  of  Fliruromya  limestones  in  Bugthorpe  Beck. 

10.  For  some  distance  no  very  dear  signs  of  the  lias  appear,  till 
we  come  to  within  a  mile  of  Leavening,  when  in  Mow  Beck,  just 
north  of  Acklam  Wood,  there  is  a  fine  section  of  these  beds  dipping 
rapidly  (12**  to  14°)  to  the  N.  from  a  fault  running  E.  to  W.  which 
passes  near  this  spot.  Here  the  Plturomya  limestones  are  of  con- 
siderable thickness,  and  the  finest  specimens  of  the  fossil  may  be 
collected. 

11.  If  we  cross  over  the  hill  to  the  north,  and  follow  the  stream 
which  runs  in  the  next  valley  downwards,  we  shall  find  on  ite  sides 
several  exposures  of  shales,  the  fossils  of  which  are  scarcdy  to  be 
determined  but  from  their  position,  and  by  analogy  seem  to  belong  to 
this  zone. 

12.  In  the  second  cutting  of  the  N.E.  Railway,  north  of  Barton- 
Hill  station,  some  Lower  Lias  beds  are  exposed.  They  appear  to  dip 
about  3°  to  the  E.N.E.  The  upper  beds  belong  to  the  zone  of  Am, 
angulatiis  ;  but  the  lower  ones  consist  of  the  blue  clays  and  lime- 
stones of  the  upper  part  of  the  planorbis-zone, 

13.  On  a  small  hill  to  the  east  of  Baskelf,  many  fragments  of 
Plettromya  limestone  may  be  picked  up;  but  as  they  occur  with  many 
other  kinds  of  stone,  there  is  little  to  show  whence  they  came. 

II.  Northern  Area. 

1.  The  non-Ammoniferous  portions  of  the  zone  of  Ammonites  pla- 
norhis  are  well  exposed  in  the  Northallerton  district,  and  most  es- 
pecially in  Dibdalc,  as  already  mentioned  in  connexion  with  the 
Rhajtic  beds. 

Here,  some  25  or  30  feet  above  the  Cassianella'Contorta  shales,  are 
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two  thin  bands  of  Pleuromya  limestone  amongst  rotten  shale;  these 
appear  to  have  a  slight  dip  to  the  S.£.  Following  np  the  stream, 
which  is  nearly  on  the  line  of  strike,  we  encoauter,  25  feet  higher, 
black  paper  shales,  which  appear,  at  intervals,  still  higher;  and  near 
to  its  scarce  are  some  thin  bine  subcrystaUine  limestones  with  Ostrea 
liassioa  and  Hemipedina^  sp.,  the  position  of  these  last  being  about 
50  feet  above  the  Ehsetic  shales. 

The  PUuromya  limestone  is  a  Inmachelle ;  but  the  species  are  few 
in  number:  the  chief  are  Pleuromya  erowcombeia,  Ceromya  infraliaS" 
siea,  Protocardium  Philippianum,  Ostrea  liassica^  Macrodon  hettanffi-- 
ensiSy  and  Modiola  minima,  Aetmonina  frcLgilis  and  Pleurotomaria 
concava  (?)  also  occur.  It  is  crowded  with  Bairdia  liassica^  which 
imparts  an  oolitic  appearance  to  the  stone. 

2.  At  Hallikeld  Farm  the  upper  part  of  the  stream- course  displayB 
shales  with  thin  bands  of  eardiy  and  subcrystalline  limestones,  the 
lower  limestones  containing  PUuromyce — and  the  higher,  oysters. 

3.  Similar  shales  and  thin  Pleuromya  limestones  occupy  a  low 
brow  skirting  the  north  side  of  the  stream  at  Foxton,  and  also  form 
the  ground  around  that  hamlet.  The  fossils  in  the  limestone  are 
identical  with  those  of  the  same  limestones  obtained  near  North- 
allerton. 

This  exposure  is  the  most  northern  known  to  us;  but  beds  on  the 
same  horizon  have  been  brought  to  light  in  two  pits: — onetheEstou 
gypsum-pit ;  and  the  other  at  Coatham,  in  the  extreme  north  of  the 
Riding. 

4.  Eston  gypsum-pit.  Among  the  materials  of  the  spoil-heap  at 
this  pit  we  have  observed : — 

(a)  Brown  shelly  limestone,  chiefly  made  up  of  the  shells  of 
Pleuromya  erowcombeia  and  Protocardium  Philippianum, 
and  also  yielding  Ostrea  liassica,  Macrodon  hetiangiensis, 
Modiola  minima,  Astarte  ohsoleta,  aud  Hemipedina  Tomesii. 
Our  inability  to  fix  the  position  of  this  limestone  (thought 
by  Mr.  G.  Lee  to  be  100  feet  down),  so  easily  recognized, 
is  most  unfortunate,  as  it  is  encountered  in  so  many  sections, 
in  not  one  of  which  can  we  speak  with  confidence  of  its  ex- 
act stratigraphical  relation  to  the  shales  with  Cassianella 
contoria, 

{h)  Black  shales  containing  Ammonites  planorbis  and  Cidaris 
Edwardsi. 

(c)  A  fissile  calciferous  sandstone,  containing  Protocardium  Phi^ 
lippianum  and  Modiola  minima.  This  may  belong  to  the  set 
of  beds  No.  19  in  the  section  p.  31. 

5.  Coatham  pit.  Mr.  Peacock  (he,  dt,  1870)  has  recorded  that 
''  about  13  years  ago,  a  six-feet  pit  was  sunk  to  a  depth  of  32  fathoms 
on  the  marshes  near  Coatham  by  the  late  Mr.  Slater,  with  the  object 
of  finding  a  seam  of  coal.''  This  pit  is  situated  between  two  ponds 
in  the  second  field  which  is  crossed  by  the  foot-path  to  West  Coatham 
on  leaving  the  Kirkleatham  road.  On  the  spoil-heap  no  Keuper  marls 
are  to  be  seen ;  but  the  presence  of  thin  flaggy  sandstones  is  rather 
indicative  of  t^e  horizon  of  CassiatMa  contorta.     A  dark-coloured 
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are  exposed  the  inteireiimg  dar  beds  mud  the  Une  lir 
at  the  very  haae,  the  oyster-lNBds ;  while  from  abov- 
down  small  fragments  of  the  fossUifrrous  angutatus-^ 
cession  of  these  may  also  be  traced  all  zound  thi 
Pocklington  Wood,  but  not  so  clearly. 

5.  At  Swineridge  Bridge  on  the  GiTendal  road.  ' 
been  dug  up  for  the  purpose  of  brick-makiiig,  bur 
able,  the  spoil-heaps  have  anfurtimately  yielded 
ful  seinrh :  they  might  well  bekmg  to  the  zoiv 
tortit:  but  if  not,  they  at  least  lie  towards  tie 
jjhinurbig, 

(I.  In  its  continuation,  the  escarpment  oi 
bold  near  Grimthorpe ;  the  broken  ground  1 
merous  blocks  of  limestone  belonging  tu  ili 

7.  In  the  fields  to  the  right  of  the  roui! 
ton  to  Uarrowby,  namerous  fragments  ot 
are  scattered  about :  and  a  little  furthf 
srreat  landslips,  in  which  these  and  the  K. 
confused. 

^.  On  the  north  of  the  fiiult  which  h 
we  tiui  at  barf  Hill,  nearBugthorpo, 
:/f '/.r  limestone,  obviiMisly  not  far  rei-       ^ 

5».  W\  have  already  mentionedy^ip         ^; 
i.*tvurrvr.ce  of  Ph-yrvmya  limestou<*^        ^  ^ « 

10.  For  some  distance  no  very       'Zir^ 
we  come  to  within  a  mile  of  Ltiv        "^ 
iK>r:h  of  Acklam  Wood,  there  is  ^ 
wyrldly  ^li>''  to  14°)  to  the  N.  fi. 
:xA5^>s  near  this  spoL      Hero  l; 
siiieniMo  thickness,  and  thi-  ». 


-    :l?o  a 

'. :  a  dark 

containing 

.::(.-   block   of 

f.<j  Cerithium 

'x  (small  ex- 

:  Levis f  Pinna 

.  indHemipe' 

.t'Otained  Car^ 
.  ^trai^  A.  ohaoUia, 
,  mjwuUa  pUeaiiM- 


_^7  s  ^milar  to  one  oc- 
Mi*  ice  the  same;  but 
^36.  ^  -i-  JohnsUmi  and 
^-  -:ae  jhoee  of  the  fauna 
f^m  uai  not  of  A.  pla- 


11.  If  we  cn>ss  over  the  1... 
whUh  mn*  in  the  next  vmII 
sk'voral  oxpos! 
do:o7Tuiin?d  but 
thi#  rono. 

li\  lu  tJw 
Hill  station* 
rtSnit  ^'fr'  l»>  ttiii 

$;om>s  of  tbt^  ti 
i;<*  On  ti 

oiher  kiud^  u^ 


H,»'^j.«  are  \\v^i 
^HvUIly  in 

Uon\  son 


_iiiciiTfTH"  limestone  have 

*  *       in  somein- 

appazvntly  iden- 

lame  of  erugaiuSf 

^^ _  iinnls  of  the  angu^ 

■^^ .  ift,-^'^«nwMt«.  Jlafrodon  net' 
'  II  -  E-«fa=;:r»  remarkable  is 
^^^  sftfciw"**  ^4,'€i«i>r6/*in  the 
"^^  .«i:  i.Tsiil  rt.^:\:on  of  either  of 


.•«H  ^^^fu:  the  fossils  of  the 

^rvsent  undecided.     If 

'»  below  with  A.pla- 

we  should  say  that 

f-beds;  if  low  down, 

-.  r6»*-2one  altogether, 

4nd  using  another  name 

It  is  possible  that 

Terent  species  ;  but  of 


ruixoRBis. 


'.ihfsoneof  Ammonites  pla^ 
ivi  ohdiracceristic ;  and  it  is 
itf  deriving  zone  that  it  is 
f%i«w«  of  the  Cixssiandla-con- 
.%  ai.d^vhty  of  species  common 
cNi/%.a«*Md^      A   remarkable 
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THE  rOBKSHlSE  LIA8. 


CHAPTER  Vn. 


ZONE  OF  AMMONITES  ANeiTLATUS. 

This  zone,  though  established  by  Oppel  and  accepted  on  the  Conti- 
nent, was  not  adopted  by  Dr.  Wright,  on  the  ground  of  its  insoffl- 
dent  distinctness  from  the  Bucldandi-heds^  thongh  one  of  us  has 
shown  it  to  be  well  developed  at  many  localities  in  England  and 
Ireland.  Although  many  of  the  fossils  of  the  two  scried  are  the  same, 
yet  we  find  no  difiiculty  in,  but  rather  necessity  for,  separating  them, 
as  they  contain  among  the  rarer  kinds  many  that  are  peculiar  to 
each,  and  those  more  ordinarily  occurring  are  by  no  means  identical. 

In  the  southern  area  these  beds  consist  of  thin  rubbly  limestones 
of  a  yellow  colour,  sometimes,  however,  thicker  and  darker,  sometimes 
almost  crystalline,  but  more  often  soft  and  earthy,  and  occasionally 
ironshot.  In  many  cases  the  greater  part  of  the  stone  is  made  up 
of  comminuted  fossils,  the  beds  generally  being  highly  foAsiliferous. 

This  stone  is  known,  in  the  country,  when  broken  by  the  weather, 
under  the  name  of  "  grey  stone,*'  which  is  also  applied  to  the  beds  of 
the  Inferior  Oolite  south  of  Market  Weighton,  It  is  by  the  occur- 
rence of  such  pieces  of  fossUiferous  stone  that  we  are  enabled  to  trace 
it  across  the  country,  especially  as  distinguishod  from  the  planorbis 
limestones,  which,  except  the  peculiar  ones  at  the  base,  are  not  often 
fossilifcrous. 

No  very  complete  section  of  the  angulatus-zone  is  anywhere  to  be 
seen  ;  but  in  a  pit  three  miles  from  Market  Weighton,  on  the  Cliff 
road,  we  get  the  best  developement  of  their  lower  part,  passing  down- 
wards to  the  planorhiS'Zone ;  and  at  Iledcar  we  get  the  upper  part, 
showing  its  passage  into  the  BuMamli-zone, 

The  section  in  the  pit  near  Cliff,  is  as  follows : — 


No. 

Lithology. 

Thick- 
ness. 

Fossils. 

1. 
2. 

3. 
4. 

5. 

Zone  of  Am.  angidafm. 
Sandy  clay 

ft.  in. 

3    0 

0  6 

1  0 
0  10 

8    0 

Rubbly  limestone  

Very  fofsiliferous   when  wea- 
tliered,  Am.  angtUaius. 

Sandy  clay 

Kubbly  limestone  

Am.  angulatus. 

Zone  of  Am.  planorhis. 
Clay,  sandy  at  the  top,  gradually 
booming  less  so. 
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Beds  No.  2  and  4,  Ifere,  have  yielded  a  great  variety  of  fossils  as- 
sociated with  Ammonites  angulatus^  and  in  fact  give  the  best  fauna 
of  that  zone ;  the  list  is  too  long  to  record  in  connexion  with  the 
section,  especially  as  the  great  majority  of  the  fossils  were  obtained 
from  the  heaps  of  these  stones  at  Uio  quarry-side.  The  clay  of  bed 
No  6  we  reckon  with  the  zone  of  Ammonites  planorhis.  Neither 
Foraminifera  nor  other  fossils  occur  in  beds  No.  1  and  3,  though  the 
an^7uZafu5-beds  are  not  without  Foraminifera  at  Eedcar. 

Another  pit  nearer  to  North  Cliff,  though  not  showing  so  much 
of  the  angulatus  series,  yet  exhibits  better  its  relations  to  the  pla* 
norbiS'Zoixe  below ;  in  it  we  have  :— 


No. 


Lithology. 


Rubblj  limettone 


Yellow  sandy  clay 

Bubbly  limestoDo  

Blue  day,  with  gypsum 


Limestone  

BluecUy 

Irregular  course  of  septarian  no* 

dules. 
Blue  clay 


Thick- 

ness. 

ft 

1 

in. 
10 

2 

1 
5 

0 
0 
4 

3 

6 
3 

3 

0 

Fossils. 


Nautilu*  striatiUf   Pleuroto- 

maria  ohesula, 
Lima  gigantea  ^c. 
Ottrea  ungula, 
LtmagiganteOfAm.  Johnsttmi 

(common). 


and  so  on  into  the  2>^nor6i<-series,  the  section  being  similar  to  the 
typical  one  of  that  zone.  Here  the  three  upper  beds  belong  to  the 
aiwyuZaftw-series,  and  they  have  yielded  some  of  the  characteristic 
fossils,  and  they  are  continued,  as  before  mentioned,  into  the  topofbho 
planorhis-i^M, 

In  these  scctimis  we  see  the  beds  graduating  into  those  beneath 
them ;  and  we  will  now  give  the  section  at  Redair,  which  shows  their 
passage  upwards  into  the  Bucklandi-heAs, 

As  already  indicated,  there  is  good  evidence  of  the  development  in 
this  neighbourhood  of  a  considerable  thickness  of  Liassic  strata  below 
the  beds  containing  Ammonites  angnlatns^  the  lower  portion  of  which 
invariably  contains  Ammonites  Johnstoni.  It  is  at  the  top  of  this 
portion  that  the  Redcar  section  begins.  At  certain  times  there  have 
been  exposed  at  the  low- water  mark  of  spring  tides,  opposite  the 
Battery,  beds  of  blue  shale,  which  have  been  traced  many  yards  to 
the  east.  These  belong  to  the  zone  of  Ammonites  BucJclandi;  but  by 
a  fault,  which  courses  at  nearly  right  angles  to  the  shore,  a  thick 
limestone  with  Ammonites  Johnstoni  is  brought  to  view.  This  lime- 
stone also  forms  the  mass  of  the  island  of  Leigh-Dam  Scar,  imme- 
diately opposite.  The  beds  have  a  general  dip  to  the  N.W.,  but  are  at 
first  irregular;  and  though  the  section  is  fragmentary  in  parts,  yet 
there  is  traceable  a  nearly  regular  succession  of  shales  with  limestone 
nodules,  and  layers  of  shells  and  shelly  debris,  till  the  scars  called  the 
East  Flashes  are  reached,  where  the  Bucklandi-series  is  commenced. 
The  mineral  condition  of  these  beds  is  very  different  from  that  which 
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generaUy  prevails,  being  essentially  ai^;illaceoifif,  or  with  a  very  limited 
amount  of  calcareous  matter  widely  di£Eased  in  the  shales. 

The  strata  oconpy  a  breadth  of  ^5  yards,  of  which  411  feet  afford 
a  continuous  section,  with  a  dip  increasing  from  4  to  6  degrees,  and 
represent  a  vertical  thickness  of  36  feet ;  and  the  whole  is  estimated 
at  50  feet. 

The  series  is  as  follows,  in  which  the  leading  palsBontological  fea- 
tures are  incorporated. 


Section  of  the  angulatus-6«c^,  Bedcar, 


No. 


lithology. 


Thick- 


Organic  Remains. 


102. 
103. 
104. 


105. 
106. 


107. 
108. 
109. 


110. 
111. 
112. 


113. 
114. 


115. 
116. 


Base  of  lowest  scar  of  the  Buck- 
landi-zone:  for  continuation 
aeepost. 

Blue  shale  with  a  line  of  Am. 
Conyheari  at  a  depth  of  1  foot. 

Indurated  shale  5  inches,  earthy 
limestoue  1  inch. 

Blue  shale  

Friable  shale,  an  oyster-band  and 

irregular  limestone  nodules,  1^ 

inch. 


Blue  shale  

Friable  shale,  with  oysters  chiefly 

(2  inches). 
Blue  shale  

Band  of  small  Chryphaa  \  inch. 

Blue  shale  

Shell  band  and  shelly  limestone, 
1^  inch.  Blue  shale  with  ir- 
regular doggers,  5  inches. 

Blue  shale  

Shelly  limestones,  sometimes  en- 
crinital,  mixed  with  shale,  2\ 
inches. 

Blue  shale  

**  Ck>ral  bed,*'  a  friable  shale  with 
small  pebble-like  concretions 
at  the  top,  very  f  ossiliferous,  2\ 
inches. 


ft.  in. 

2  8 

2  6 

0  7 

1  0 
0  5 

3  0 
6  4 

2  8 
2  0 


Ammonites  Conybeari,  Lima 
gigantea^  Fentacrmua. 

Cardinia  Listeria  Gryphaa 
arcuata^  Lucma  limbata, 
PetUacrimu. 

Am.  angtUafus  and  small 
Gryphaa^  Unicardium  car- 
dioides. 

Am.  angulatus. 

Am.  anqulatus^  Pleurofomaria 
simili8,  Dentalium  etalente, 
Astarfe  Oppeli,  Lima  giaan- 
tea^  Cardmia  Listeria  PUu- 
romyacroMa^  Serpulasocia- 

Large  Am'.  angtUaiua  andl 
scattered  Gryphaa.  ' 

Am.  angulatus;  Cardita  He  A 
berti,  Lucina  limhafa,  Pli-\ 
catuia  Hasina,  Terquemia\ 
arietis,  Pema  infraliassica} 
Rhynchonella  plicatissima,\ 
Montlioalfia  polymorpha.  I 

Am.  angtdatus,  Plicatnla 
Hasina.  \ 

Am.  angufaius,  Eucycliu  elf- 
gans,  Astarte  obaoleta.        \ 

Am.  angulatus,  Eucyclus  acu- 
minatus. 


Afn.  angulatus,  Astarte  C 
peli,  Cardita  Heberti,  Pit- 
catuia  Hasina,  Pleuroto- 
maria  simi/is,  MontHvaltia^ 
Haimei,  Serpula  socialis,* 
Waldheimia    sarthacensis, 

4<^- 
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4d 


1 
No. 

lithology. 

Thick- 
ness. 

Organic  Eemains. 

117. 

Depressed    irregular    limestone 
aoggers,  1^  inch. 

ft 

in. 

118. 

Shale  with  scattered  GrypJuea  or- 
cuata  of  moderate  size.             ' 

Am,  angviatus  (large). 

119. 

Earthj  Bubcrystalline  limestone, 

1  inch.                                       1 

.  1 

2 

Large  Am.  angulatus. 

120. 
121. 

Black  smooth  shale   ' 

0 

6 

/Friable  shale i 

1  Oyster-band    

122. 

Smooth  shale 

123. 

Siliceous  limestone,  ^  indi 

>  0 

6 

124. 

Smooth  shale ! 

Lima  gigantea  of  large  size. 

r  Irregular  depressed  limestone 

125. 
126. 

-       doggers. 
Thin  shell-limestone 

>  3 

2 

Am.  angulatua,  very  large. 
Cardima  ovalis. 

r  Friable  shale  ' 

1  Smooth  shale,  9  inches 

127. 

^urthy  limestone  or  doggers    . . . 

0 

2 

128. 
129. 

Smooui  shale 

1 
0 

0 
1 

Ostrea    ungulay    Dentalium 
etaletue. 

Blue  siliceous  limestone 

130. 

Friable  shale,  Am,  angulatm  ... 

0 

8 

These  beds,  which  occupy  a 

131. 

Siliceous  limestone  or,  rather,  a 
band  of  depressed  doggers  fused 

0 

2 

breadth  of    14    feet,    are 
somewhat  disturbed,  per- 
haps by  a  fault,  but  haye 
a  decided  dip  to  the  north- 

together. 
Friable  shale,  Am.  angulatus   . . . 

132. 

1 

6 

)   west. 

30 

0 

133. 

Friable  shale 

' 

Occupy  a  breadth  of  47  feet ; 

134. 

Oyster-band,  1  inch   

but  from  the  low  din  to 
•  the  north-west  the  wnole 

135. 

Depressed  limestone  doggers  ... 

-  3 

0 

136. 

Blue  shales 

may  not  exceed  3  feet  in 

137. 

Siliceous  limestone.  4  inch 

J 

thickness. 

Intenral  of  270  yards  covered 

with  Boulder-cUy. 

Very    hard   grey   subcrystalline 

0 

8 

Is  very  much  disturbed  and 

limestone,  mottled  with  white 

curved  sharply  down  to  the 

calcite. 

friable  shale,  3  inches,  full 

of  Cardinia  avalis,  whidi 

is  not  elsewhere  seen  on 

the  shore. 

The  Cardinia  shales  contain  Am.  angvJatus  (a  thick-ribbed  variety), 
Asiarte  eingulata,  Nucula  naviSy  Lima  gigantea,  Macrodon  Tiettan- 
giensis^  Jdodiola  Ictvis^  Hemipedina  Tomesii ;  the  limestone,  Ammo- 
nites JohnsUmiy  Am.  angulatus,  Cardinia  ovalis,  Lima  gigantea,  L, 
pectinoides,  Pecten  textUis,  Cidaris  Edwardsi,  Nautilus  striatum. 

Leigh-Dam  Scar  consists  of: — 

i  cil^"Sl!^"'°°"l  The  whole  about  3  feet,  U  foot. 

3.  Earthy  limestone. 

4.  Calcareous  shale. 

E 


\  of  which  rises  above  the  level  of 
I  the  lowest  spring  tides. 
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The  fossils  are  Ammonites  Johnstani,  Cardinia  waiUsy  Peeten 
ealvus,  Lima  gigantea^  L.  peetinaides,  Oryphcca  arcuata^  Waldheimia 
sarthaeensis. 

Other  Exposures  of  the  BUgalatoB-heds. — ^In  the  northern  area 
no  other  exposures  of  the  angtdatus-hedB  are  known;  but  they 
have  been  proved  to  exist  over  the  low  plain  stretching  from 
Eedcar  towards  Eston.  We  have  already  referred  to  the  associa- 
tion of  an^rteZa^uA-fossils  and  Ammonites  Johnstoni  with  A.planorlns 
in  the  Coatham  pit.  The  limestone  in  which  they  occur  has 
some  resemblance  to  that  of  Leigh-Dam  Scar ;  but  in  the  Eston 
gypsum-pit  more  decided  analogies  are  exhibited,  especially  bed 
No  10  of  that  section,  an  earthy  limestone  comparable  with  one  in  the 
Coatham  pit,  and  containing  the  same  general  assemblage  of  fossDs, 
viz.  Ammonites  Johnstoni^  A,  angulatus,  Nautilus  striatuSy  DentcUium 
elalense,  Cerithium  tenuicostatum,  Cardinia  oralis,  C,  Listeria  Mo- 
diola  hUlanoides,  Astarte  obsoleta,  Macrodon  hettangiensis,  Hippopo^ 
dium  ponderosum  (juv.),  Lima  hettangiensis,  L.  punctata,  L,  peed- 
noides^  Unicardium  cardioides,  Qryph<xa  arcuata,  Oidaris  Edwardsi, 
Hemipedina  Tomesii  and  Pentacrinus  psilonoti, 

A  well  sunk  for  the  houses  on  West- Coatham  Marsh  passed 
through  about  10  feet  of  reconstructed  Boulder-clay  into  friable 
blue  shales  with  lines  of  irregular  nodules  to  a  depth  of  32  feet. 
The  fossils  were  the  common  species  in  the  angulatus-hedB  at 
Kedcar. 

There  is  no  proof  th&t  any  portion  of  the  Bucklandi-zone  was 
passed  through  in  the  Eston  pit ;  and  as  the  mineral  characters  of 
the  upper  beds  are  represented  by  the  angulatus-heds  at  Redcar, 
we  are  induced  to  regard  this  section  as  representing  the  full 
thickness  of  the  angtdatus-heds  to  the  Khsetic  inclusive,  being  154 
feet,  14^  of  which  belongs  to  the  latter.  This  thickness  may  be 
distributed  as  follows : — 

ft.    in. 

V'ppeT  anfftU^ittts-heds ijfi    0  measured  at  Kedcar. 

Jjo-^erangulatus-Andplanorbis-beds    *r)3    8 

Oyster-  and  Pieuromi/a-heda *[iO  •  0  at  Northallerton. 

Bhietic  seriee   14    5  as  actually  determined. 

IM    1 

The  only  exposure  of  this  zone  known  to  us  in  the  middle  region 
of  the  county,  i,  e,  for  many  miles  on  either  side  of  Thirsk,  is  a  very 
interesting  one  in  the  bank  of  the  river  Swale,  opposite  Topcliffe,  to 
"the  right  of  the  road  leading  from  Asenby.  Covered  by  a  great 
thickness  of  red  sand  and  gravel  at  the  base  of  a  considerable  cliff, 
appear  rough  dark-blue  sandy  shales  with  bands  of  harder  rock  of  a 
similar  character ;  at  a  lower  level  calcareous  bands  occur  in  the  side 
of  the  stream.  Their  dip  is  not  uniform  or  considerable ;  on  the  whole 

*  These  thickneesesn  are  not  excessive,  inasmuch  as  the  single  section  of  North 
Cliff  gives  a  total  of  64  ft.  2  in.  for  the  planorins-heda  and  a  portion  of  the 
pleurom^/a-hedB  only,  whilst  for  another  section  not  reaching  to  the  Bhsctic  an 
addition  of  15  feet  must  be  made. 
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it  is  perhaps  E.S.E.  These  beds  only  peep  out,  here  and  there,  from 
beneath  their  sandy  coverings  and  are  not  very  fossiliferous,  except 
as  containing  patches  of  comminuted  shells.  We  havc^  however,  col- 
lected Gryphcta  arcuata^  Lima  giganUa^  Lima  hettangiensis,  Limapec^ 
tinoides,  Cardinia  ovalis,  and  Cardinia  Listeri,  which  leave  us  in  some 
doubt  as  to  whether  they  belong  here  or  to  the  Bucklandi-hedA.  The 
interest  attaching  to  this  section  is,  that  it  lies  far  to  the  west  of 
the  general  line  of  junction  of  the  Lias  and  Eeuper,  and  proves  the 
former  to  run  out  as  in  a  tongue ;  and  beds  higher  in  the  series  are 
now  known  to  do  the  same. 

Fragments  of  stone  have  been  picked  up  near  Thirkleby  con- 
taining Astarte  obsoleia  and  Phasianella  morencyana. 

We  have  already  mentioned  the  cutting  near  Barton-Hill  station, 
the  upper  part  of  which  reaches  the  anffulatus-heds,  as  shown  by  the 
commonness  of  Cardinia  ovalis  with  Lima  giganUa. 

Fragments  of  '^grey  stone''  may  be  seen  in  Leppington  Beck, 
further  up  than  the  sections  of  Eeuper,  and  also  in  a  tributary  to 
Gilder  Beck  beneath  Hanging  Grimston. 

At  Eirby  Underdale,  in  the  road  leading  down  past  the  church 
to  cross  a  little  stream,  Lower  Liassic  beds  are  seen  in  situ ;  the 
uppermost  belong  to  the  Bticklandi'Zon<&^  and  the  lower,  near  the 
stream,  to  that  of  Am.  angulatus. 

In  Garrowby  Beck,  close  by  the  turnpike  road,  on  the  south  side 
of  which  are  the  Keuper  marls,  the  lower  beds  of  the  Lias  may  be 
traced  in  numerous  fragments  and  occasional  patches  of  rock  in  situ^ 
all  dipping  slightly  to  Uie  N.E.  Nearest  to  the  road  the  fragments 
belong  to  the  zone  under  consideration,  i,  e,  are  without  numerous 
Qryphcsa  arcuata^  and  contain  Am,  angulaius ;  further  up  they  belong 
.to  the  BueJcUmdi-aeries  and  show  several  oyster-beds  in  situ:  a  good 
series  of  fossils  might  be  obtained  here ;  Cardinia  Listeri  is  very 
common. 

Further  along  the  same  road,  on  the  left  as  you  begin  to  ascend 
the  hill,  is  a  field  whose  every  fragment  is  "  grey  stone  "  containing 
innumerable  broken  fossils. 

On  the  side  of  the  valley  to  the  left  hand  of  the  road  leading 
from  Givendale  to  Pocklington,  just  before  reaching  Swineridge 
Bridge,  quarries  have  been  opened  for  road-stone.  The  rocks  thence 
extracted  are  of  this  age ;  and  the  blocks  left  in  heaps  to  weather  have 
yielded  many  fossils — in  fact,  after  Cliff  and  Eedcar,have  been  a  main 
source  of  them.  The  beds  here  are  more  crystalline  and  thicker  than 
we  have  seen  elsewhere,  and  form  excellent  road-metal ;  but  no  good 
section  is  visible  ;  they  belong,  however,  to  the  lowest  part,  and  have 
the  planorbis-cLsLys  below.  Fossils  from  these  blocks  we  have  la- 
belled "  Millington,"  the  nearest  village. 

The  exposure  near  Warter  has  been  already  mentioned  in  con- 
nexion with  the planorhis-beds. 

All  the  way  along  beneath  the  chalk  escarpment  which  bulges 
out  between  Londesborough  and  Goodmanham,  fragments  of  "  grey 
stone  "  full  of  broken  fosinls,  which  are  sometimes  sufficiently  pre- 
served for  identification,  are  scattered  plentifully  over  the  fields^ 

s2 
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though  no  good  exposure  takes  place;  they  may  be  seen  in  situ^  how- 
ever, in  three  springs  which  enter  firom  ^e  west  into  the  beck  that 
comes  down  to  the  west  of  Gbodmanham  from  the  chalk  hills,  the 
highest  of  the  springs  being  by  the  road-side ;  they  may  also  be  seen 
on  the  road  firom  Market  Weighton  to  Qoodmanham,  in  the  ditches. 
Very  near  the  last-mentioned  exposures  are  those  to  be  seen 
along  the  side  of  Mill  Beck,  which  are  the  continnation  of  the  beds 
before  mentioned  as  capping  the  railway-cutting  near  Market  Weigh- 
ton, and  which  dip  downwards  at  2|^  to  the  east.  They  include  the 
upper  beds  of  the  series,  as  we  find  in  the  same  stones,  but  not  as  yet 
in  one  block.  Am.  angutataa  and  Bdemniies  infundibtdum. 

PALiEoirroLoeT. 

The  zone  of  Ammonites  angvlaius  is  exceedingly  rich  in  organic 
remains  and  contains  many  peculiar  forms,  among  which  may  be 
enumerated  Ammonites  angtUatuSy  Pleurotomaria  ohesuUiy  Eucydus 
acuminatuSy  Lima  Tuttangiensis,  L.  Terquemi,  Anomia  striatula,  Car^ 
dinia  ovalis,  Astarte  Oppeli,  Septastrcea  exeavata,  MowtUvaUia  poly^ 
morphaj  and  others  of  less  certainty  or  consequence. 

A  few  of  its  commoner  fossils  began  existence  before  the  rest,  and 
are  found  in  the  planorhis-uonQ^  such  are  Ammonites  Johnstoni, 
Nautilus  striatus,  Lima  gigantea^  Macrodon  hettangiensiSj  Astarte  obsO' 
leta.  If  we  were  to  consider  l^e  fragments  obtained  on  the  coast 
and  at  Coatham  containing  Am.  j^norhie  as  belonging  to  this  zone, 
we  should  hare  to  add  that  Ammonite  to  this  list. 

More  of  the  fossils  pass  upwards  to  the  BuddandiAie^,  but  by  no 
means  sufficient  to  make  us  unite  the  two  zones ;  whilst  the  frequency 
of  occurrence  of  many  of  the  recurrent  species  in  the  two  zones  is 
in  great  contrast,  as  will  be  detailed  at  the  dose  of  the  following 
chapter. 

The  total  number  of  species  belonging  to  this  horizon  is  117,  not 
including  the  Foraminifcra. 

List  of  Fossils  from  the  angulatus-^^ij;. 

Iohthj06auru8  (yertebra).  Phadanella  Morencyana. 

Pleeioeaurus  (tooth).  Turbo  solarium. 

HyboduB  minor.  philemon. 

Aorodus  minimus.  Littonna  semiomata. 
Ammonites  an^platus.  Eucjclus  elegans. 
Conybean.  —  acuminatuB. 

—  Johnstoni.  Turritella  Dunkeri. 

—  longipontinus.  Chemnitzia  transTcna. 

nanus.  Berthaudi. 

NautiluB  striatuB.  ^—  unicingulata. 

BelemniteB  infundibulum.  ■         etalense. 

Diflcohelix  striata.  Cerithium  gratum. 

BemicUusa.  —  semele 

Pleurotomaria  ot;e6ula.  spiratum. 

—  similis.  Dentalium  etRlense. 

tectaria.  —  limatulum. 

PitonelluB  sordidus.  Actoonina  fragilis. 
Crjptaenia  solarioides.  Ostrea  ungula. 
rotellAformis.  semiplicata. 

nudeoB.  (Gryphca)  areuata. 
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Anemia  alpina. 

itriatula. 

Plicatula  liasina. 
Peoten  calvus. 

punctatissimiu. 

textiUs. 

textorius. 

Lima  gigantea. 
hettangiensis. 

—  peodnoides. 
punctata. 

guooincta. 

Terquemi. 

Limea  Blakeana. 
Ayicula  Pattenoni. 
Pema  infraliassica. 
Pinna  Hartmanni. ' 
Maorodon  pullus. 

bettangiensis. 

naTicida. 

Ledandathea. 

—  fieneyieri. 

texturata. 

T-8cripta« 

Nucala  nayis. 
Aftarte  obsoleta. 

—  oingulata. 

Oppeli. 

Hipnopodium  ponderosum. 
Gardita  Heberti. 
Protocardiimi  Philippianum. 
Caidinia  crassiuflcula. 

— —  oralis. 

DeBhajesii. 

Deeoudini. 

Listen. 

Lucina  limbata. 
Modiola  hillanoides. 
lieriB. 


Modiola  Hillana. 
SazicaTa  arenioola. 
Myoooncha  psilonotL 

—  inclusa. 
Unicarduim  cardioides. 
Pholadomja  gUbra. 
Gresalja  galathea. 
Pleuromya  craasa. 
Geromya  gibbosa. 
Waldheimia  sarthacenmB. 
Sbynchonella  plioatiBsima. 
Spiriferina  rostrata. 
Bairdia  Uaaaioa. 

laoryma. 

— —  redcarensis. 

elongata. 

Oythere  Blakei. 

drcumBcripta. 

paupercula. 

redcarensis. 

arcaformis. 

Poljoope  cerasia. 
Ditrypa  oapitata. 

—  fflobiceps. 
Serpiua  limax. 
— —  plioatilis. 

flaccida. 

G^aleolaria  sooialis. 
Holotburia,  ep.  ? 
Cidaris  Edwardsi. 
Hemipedina  TomeHii. 
Pentacrinus  psilonotL 

basaltiformis. 

Septastrasa  excavata. 
Montlivaltia  Haimei. 

polymorpba. 

Conifer. 

Peoopteris  (fragment  of  pinnule  with 
sori). 
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CHAPTER  VIII. 

ZONB  OF  AMMONITBS  BUCKLANDI. 

That  portion  of  the  Lower  Lias  which  is  hest  knowa  on  the  York- 
shire coast,  and  which  has  heen  referred  by  previons  authors  to  the 
.  base  of  the  formation,  is  the  series  characterized  by  the  presence  of 
the  sulcated  or  arietian  Ammonites,  of  which  A,  Bucklandi^  A,  bisid- 
eattis.  A,  Conyheari  and  A.  Tumeri  are  widespread  and  well  known 
examples.  This  group  of  strata  is  constituted,  in  the  midland  and 
south-western  counties  of  England,  of  moderately  thick-bedded  blue 
hydraulic  limestones,  designated  as  "  blue  lias  '*  or  "  Zima-beds;"  but 
in  Yorkshire  it  is  a  great  argillaceous  series,  consisting  chiefly  of 
shales  with  shelly  tops  and  thin  earthy  and  shelly  limestones — cha- 
racteristics which  are  presented  by  the  Scottish  strata  on  the  same 
horizon,  and  in  a  modified  degree  by  the  underlying  beds  of  the  zone 
of  Ammonites  angtdatxis  in  Cleveland. 

The  Biiiiklandi-hedA  also,  which  are  worked  for  iron-stone  at 
Frodingham,  in  Lincolnshire,  have  more  relationship  to  the  Yorkshire 
series  than  to  the  ^^  Blue  Lias,"  consisting  of  thin  rubbly  limestones 
interstratified  with  thicker  bands  of  clay,  and  resembling  more  closely 
the  southern  than  the  northern  series  of  Yorkshire  Bwklandi-'bedji, 

It  is  from  the  prevalence  in  these  strata  of  Ammonites  Bucklandi 
that  they  have  been  called  the  "  Bucklandi-hedB,^^  as  from  the  abun- 
dance of  Lima  gigantea  the  "  Z/ma-bcds." 

It  is  this  part  of  the  Lias  that  is  the  home  of  the  true  form  of 
Ostrea  or  Gri/phasa  arcitata  ;  oyster-bands  of  this  species  are  common 
in  the  zone  (hence  called  the  Gryphite-beds  or  limestones),  as  those 
of  0,  liassica  are  in  the  planorbis-hedB ;  and  it  is  thus  to  this  zone 
that  most  of  the  foreign  fossils  said  to  occur  with  Oryphaa  arcuata 
belong. 

Some  other  species  o{  Ammonites  are  abundant  in  these  beds ;  but, 
having  a  more  restricted  vertical  range,  they  serve  to  particularize 
regions  within  the  zone ;  thus  A.  Conybearei  is  confined  to  the  base, 
A,  Charmassei  to  the  lower  half,  A,  Saus^amis  to  the  upper  part, 
and  A.  semieostatus  and  A,  Tumeri  to  the  top.  Oppel  made  the 
r^on  of  A.  Tumeri  a  zone  of  the  Lower  Lias ;  but  as  we  cannot 
find  any  peculiarities  of  organic  life,  and  as  the  species  associated 
with  this  Ammonite  are  common  forms  in  his  zone  of  A,  Budclandi^ 
we  prefer  to  include  it  within  the  latter.  Indeed  if  there  be  a  di- 
stinctive feature  at  all,  it  is  that  of  a  paucity  of  species. 

The  most  complete  section  of  the  BuclJandi-heda  in  the  county  is 
that  presented  by  the  Bedcar  rocks,  which  are  covered  by  the  sea  at 
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high  water.  They  oonslfit  of  two  sets  of  scars  separated  by  a  broad 
expanse  of  a  level  pavement  of  shale.  The  scars  succeed  each  other 
at  pretty  r^^olar  intervals,  have  the  general  direction  of  E.  by  N. 
and  W.  by  S.,  and  are  formed  by  the  indurated  tops  of  the  shales. 
Owing  to  the  unequal  hardness  and  the  considerable  dip  of  the  beds, 
the  results  of  the  planing  action  of  the  sea  have  been  the  production 
of  an  appearance  suggestive  of  a  deeply  ploughed  field,  in  which  the 
ridges  are  the  hard  bands  in  a  long  succession  of  parallel  lines,  and 
the  furrows  the  yielding  shales.  Some  veins  of  calcite  intersect  the 
beds ;  and  the  general  symmetry  of  the  whole  is  somewhat  interrupted 
by  many  small  faults,  which  usually  make  a  large  angle  with  the 
line  of  strike,  though  there  are  a  few  which  ai*e  nearly  parallel 
to  it. 

The  whole  of  the  Redcar  rocks,  which  are  accessible  at  the  lowest 
tides,  with  the  exception  of  the  angulatus-heda  beyond  the  eastern 
set  of  scars,  are  included  within  the  palseontological  group  of  the 
Budclandi'Senea.  The  dip  is  directed  W.  of  N.,  and  varies  in  amount, 
increasing  from  6*^  in  the  lower  part  of  the  beds  to  10°  or  11°  in  the 
upper ;  the  breadth  measured  in  the  line  of  the  true  dip  is  1020 
feet,  from  which  data  and  actual  measures  the  thickness  is  calculated 
at  180  feet 

This  thickness  may  be  divided  into  regions  upon  the  basis  of  litho- 
logical  and  palseontological  features.  There  is  first  the  Lower 
SerieSy  embracing  the  rocks  of  the  East  Flashes  and  Jenny  Leigh's 
Scar,  consisting  chiefly  of  black  crumbling  shales  surmounted  by 
doggers  and  thin  earthy  and  shell  limestones.  The  breadth  of  surface 
occupied  by  them  is  about  160  feet,  which  corresponds  with  a  thick- 
ness of  19  feet.  There  is  a  considerable  variety  of  fossils,  the 
chief  among  the  more  abundant  and  restricted  species  being  Am- 
monites  Canyheariy  Eucyclus  elegans,  Rissoa  nana,  Turbo  philenwn, 
Diseohelix  Oppeli^  D,  striata^  Monotis  papyria,  Tancredia  ovata, 
PliccUtda  liagina,  Rhynchonella  plicatissimay  Monilivaltia  Haimeiy 
OaUolaria  socialis. 

The  middle  series  comprises  a  considerable  thickness  of  soft  blue 
shales,  with  rows  of  small  limestone  nodules;  but  towards  the  upper 
part  it  contains  some  friable  shales,  and  bands  of  shells.  The 
breadth  of  outcrop  is  530  feet ;  and  the  thickness  is  estimated  at  93 
feet. 

The  friable  shales  are  the  chief  repositories  of  the  fossils,  of  which 
there  is  a  fair  variety  as  to  species,  and  which  are  here  in  a  good 
state  of  preservation.  The  shell-banks  are  made  up  of  the  remains 
of  a  limited  number  of  species ;  and  there  is  a  different  association  in 
nearly  every  case.  Thus^we  note  one  bank  of  oysters  (0,  arcuata) 
and  corals  {Monilivaltia  Ghuttardi\  another  of  ffippopodium  ponde^ 
rosum,  Oardinia  concinna,  and  IJueina  limbata,  a  third  of  Cardinia 
£A$Uri  and  Unicardium  cardioideSy  and  a  fourth  of  oysters  only.  The 
shells  of  these  banks  are  closely  packed  side  by  side,  constituting  a 
single  layer  only,  and  would  seem  to  represent  but  one  generation, 
the  several  examples  of  each  species  being  all  of  about  the  same 
dimensions.     In  the  case  of  Oardinia  concinna,  in  one  of  the  banks 
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just  alluded  to,  the  specAxnens  are  all  of  middle  growth,  not  exceeding 
2  to  2|  inches  in  length ;  but  Bituated  2j|  inches  above  in  the  over- 
lying shales  are  other  examples  of  the  same  species,  all  of  which  are 
^m  4  to  5  inches  in  length.  The  adnlt  forms  are  comparatively 
few  in  nnmber,  the  smaller  ones  being  abundant ;  it  would  thus 
appear  that  whilst  the  majority  of  the  young  shells  were  overwhelmed 
by  the  incursion  of  mud,  a  few  escaped  destruction  and  lived  on  to 
an  advanced  age,  and  that  the  rate  of  deposition  of  the  intervening 
thickness  of  shale  may  therefore  be  measured  by  the  period  of  time 
during  which  these  shells  lived  from  the  adolescent  to  the  senile 
stage  of  growth. 

The  soft  shales  have  yielded  very  few  species ;  but  the  following 
are  common  in  them — Ammonites  bisulcatus,  A.  Charmasseiy  Lima 
gigantea,  and  Pleunymya?, 

The  common  species,  among  the  more  or  less  restricted  forms,  in 
the  Middle  Bucklandi-\)ediB  are  Ammonites  biaidcatus,  A.  (Thar- 
massei,  Cryptcenia  solarioides,  7\irho  solarium,  Cerithium  gratum, 
TurriteUa  Dunkeri^  Hippopodium  ponderosum,  Unicardium  cav" 
dioides,  Cardinia  condnnay  C.  crasmiscvla,  Peeten  textorius,  Mont- 
Uvaltia  Ouettardi, 

The  upper  series  is  chiefly  constituted  of  earthy  limestones  and  cal- 
careous shales,  the  aggregate  thickness  of  the  purely  arg^illaceous 
beds  forming  less  than  the  moiety  of  the  whole,  which  is  estimated 
at  66  feet,  as  calculated  from  a  breadth  of  outcrop  of  340  feet.  The 
hard  beds  of  this  series  form  the  East  Scar  and  a  few  of  the  narrow 
scars  seaward  of  it. 

In  the  lower  portion  there  are  many  fossils,  belonging  to  a 
moderate  number  of  species ;  but  as  we  ascend  in  the  series  the  species 
rapidly  diminish  in  number,  and,  with  the  exception  oi  a  few 
Ammonites,  there  is  no  accession  to  the  fauna,  which  finally  consists 
of  Cardinia  Listeri,  OryphoM  arcuatay  Lima  gigantea^  L,  pectinoides, 
Monotis  incequivalvis,  Belemnites  aeutus,  and  Ammonites  Tumeri, 

The  chief  fossils  of  the  upper  series  are  Ammonites  Tumeriy  A, 
semicostatus,  A,  difformis,  A,  Sauzeanus,  Belemnites  acutus,  B.  in- 
fundibulum,  Cardinia  Listeri  (vars.  hybrida  and  cuneata)^  Peeten 
TJtiollieri,  Monotis  incequivalvis,  Spiriferina  Walcotti,  Acrodus 
nohiUs. 

The  accompanying  plan  of  the  Eedcar  Rocks,  and  the  tabulated 
section  of  the  beds,  will  prove  useful  to  those  desirous  of  investigating 
in  detail  this  extensive  and  interesting  group  of  strata.  The  occa- 
sions, however,  when  so  large  an  expanse  of  rock  is  in  view,  as  we 
have  shown  on  the  plan,  are  few ;  and  we  have  not  unfrequentiy 
found  the  whole  strand  above  ordinary  low  tides  to  be  composed  of 
sand. 

Our  plan  of  collecting  the  fossils  is  to  crawl  along  the  scars, 
during  a  bright  sunny  day,  in  a  position  so  as  not  to  intercept  the 
direct  rays  of  sunlight — also  to  wash  the  fossiliferous  shales,  as  is 
done  for  Foraminifera,  only  that  what  is  retained  by  the  sieve  will 
yield  the  small  moUuscan  abells. 
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Next  in  interest  to  the  scazs  at  Bedcar.  which  exhibit  completely 
the  relations  of  the  Bueklandi-  to  the  an^/atef-beds.  and  carry  ns 
well  up  in  the  series,  come  those  at  the  SJE.  end  of  Bobin  Hood  s 
Bay,  irhich  g^Te  us  the  relations  of  these  beds  to  the  OTeriying  zone 
of  Am.  oxynotuM.  The  latter,  howerer,  are  disadrantageOTsly  situ- 
ated for  study,  as  they  are  remote  from  any  town,  and  are  eren  two 
miles  from  the  nearest  Tillage  ;  and  while  at  Bedcar  the  scmrs  hare 
their  strike  at  a  high  angle  with  the  shore-line,  leaving  parts  of  all 
of  them  explorable  eren  at  half-tide,  those  at  Bobin  Hood's  Bay  are 
parallel  to  the  shore,  and  but  few  of  them  ever  become  dry ;  the 
lower  ones  are  just  uncoTered  at  ebb  tide,  and  the  highest  only  at 
half-tide.  Their  position  at  Bobin  Hood's  Bay  is  very  weU  marked. 
Beyond  Stow  Beck  is  seen  rising  a  strong  band  of  rock  2  ft  thick, 
which  as  the  strata  rise  approaches  the  shore,  and  finally  becomes 
parallel  to  it  and  separates  the  scars  from  the  beach.  This  is  the  lowest 
bed  of  the  oxynotu$-%me&.  It  is  so  hard  and  weatherworn  that 
few  fossils  have  been  found  in  it ;  below,  howerer.  A,  Turneri  and 
associated  fossils  occur,  and  above  it  A^  obtusiu,  which  is  the  cha- 
racteristic Ammonite  of  the  lowest  region  of  the  zone  of  A.  axynotus : 
some  6  feet  above  this  is  another,  thmner  hard  band,  which  is  not  so 
continuous  and  must  not  be  confounded  with  it.  The  thickness  of 
these  rocks  can  only  be  estimated  by  the  breadth  of  the  flats  between 
the  scars ;  and  in  this  respect  an  error,  difficult  of  elimination,  creeps 
in,  because  the  outer  scars  are  necessarily  cut  off  at  a  lower  level 
than  the  inner,  and  they  also  stand  at  varying  heights  above  the 
general  slope.  The  estimated  thicknesses  can  therefore  only  be  re- 
garded as  approximate. 

The  following,  however,  is  the  exposed  section  : — 


Ko.j                Ufbolcgj.                \  ^^-                      Fo«iU.                   1 

1   ft. 
Httd  caleareooB  rubUy  shale,  10 

in. 
3 

fanning  itrong  acar.             ! 

,  Blue   shale   with   lajers  of 
;  Indurated  limestone  band   ... 

2 

4 

0 

4 

L 

Blue  shale,  with  ^.p^tro^a    3 

6(0  (e)  Estimated  tbicknesw. 

Base  of  Mcynotus-heda 

Indmmted  calcareo-argillaoe>    0 

2     ; 

Otis  band,  rubbly,  speckled, 

; 

brownish. 

2. 

Blue  shale,  harder  at  the  top,    5 

O(^)  Am.  Tumeri,  Belrmnites  acu- 

with  oysters  in  nests  (form- 

,     tw,   Monoiis    imfguifolvis, 
Gryphaaarcvata.Cerifhium, 

ing  the  fint  broad  scar). 

Lucina  limbata,  Pholadomya 

glabra,  PUuromya  sp.,  Mo- 

. 

diola  Itevis,   Leda  galathca, 
Leda   Benevieri,    Bippopo- 

! 

diiim  ponderosufHy  Pema  w- 

■ 

fraliasnca. 
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Next  in  interest  to  the  scars  at  Kedcar,  which  exhibit  completely 
the  relations  of  the  Bucklandi-  to  the  an^afu^-beds,  and  carry  us 
well  up  in  the  series,  come  those  at  the  S.E.  end  of  Bobin  Hood's 
Bay,  which  give  us  the  relations  of  these  beds  to  the  overlying  zone 
of  Am,  oxynoius.    The  latter,  however,  are  disadvantageously  situ- 
ated for  study,  as  they  are  remote  from  any  town,  and  are  even  two 
miles  from  the  nearest  village  ;  and  while  at  Bedcar  the  scars  have 
their  strike  at  a  high  angle  with  the  shore-line,  leaving  parts  of  all 
of  Uiem  explorable  even  at  half-tide,  those  at  Eobin  Hood's  Bay  are 
parallel  to  the  shore,  and  but  few  of  them  ever  become  dry ;  the 
lower  ones  are  just  uncovered  at  ebb  tide,  and  the  highest  only  at 
half-tide.     Their  position  at  Robin  Hood's  Bay  is  very  well  marked. 
Beyond  Stow  Beck  is  seen  rising  a  strong  band  of  rock  2  ft.  thick, 
which  as  the  strata  rise  approaches  the  shore,  and  finally  becomes 
parallel  to  it  and  separates  the  scars  from  the  beach.  This  is  the  lowest 
bed  of  the  o;rt/no/u«-series.      It  is  so  hard  and  weatherworn  that 
few  fossils  have  been  found  in  it ;  below,  however,  A.  Turneri  and 
associated  fossils  occur,  and  above  it  A.  obtums,  which  is  the  cha- 
racteristic Ammonite  of  the  lowest  region  of  the  zone  of  ^.  oxynotus : 
some  6  feet  above  this  is  another,  thinner  hard  band,  which  is  not  so 
continuous  and  must  not  be  confounded  with  it.    The  thickness  of 
these  rocks  can  only  be  estimated  by  the  breadth  of  the  flats  between 
the  soars ;  and  in  this  respect  an  error,  difficult  of  elimination,  creeps 
in,  because  the  outer  scars  are  necessarily  cut  off  at  a  lower  level 
than  the  inner,  and  they  also  stand  at  varying  heights  above  the 
general  slope.     The  estimated  thicknesses  can  therefore  only  be  re- 
garded as  approximate. 

The  following,  however,  is  the  exposed  section  : — 


No. 


lithology. 


Thick- 
ness. 


Fossils. 


Hard  calcareous  rubblj  shale, 

forming  strong  scar. 
Blue    smJe    with    lajers  of 

oysters. 
Indurated  limestone  band   . . . 
Blue  shale,  with  A.  planicosta 


ft  in. 
10    3 

2  4 

0    4 

3  6(e) 


{e)  Estimated  tbickness. 


Base  of  axpnotus-heda 


Indurated  calcareo-argillaoe- 
ous  band,  rubbly,  speckled, 
brownish. 

Blue  shale,  harder  at  the  top, 
with  oysters  in  nests  (form- 
ing the  first  broad  scar). 


0    2 


5    0(e) 


Am.  Turneri,  BelemnUes  acu- 
tus,  Monotis  intBOuivalvis, 
Gryph<Ba  arcuata^  Cerithium, 
Lucina  limbata,  Pholadomva 
glabra,  Pleuromya  sp.,  Mo- 
diola  UBvia,  Leda  gaiathea, 
Leda  Beneifieri,  Hippopo- 
diumponderosum,  Pema  in- 
fraliasaiea. 
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No. 

Lithology. 

Thick- 
ness. 

Fossils. 

ft. 

in. 

3. 

Blue    limestone    formed    of 
comminuted  shells,  scarcelj 
pyritous. 

Bkckish  blue  crumblj  shale 

0 

3 

Pe^^efi  textoriuB, 

4. 

2 

6(e) 

G.  arcuata^  Cardinia  hyhrida^ 

with  two  harder  biuids  in 

Modiola  Uevis,  Pleuram^a, 
Nucula  navis,  Lucina  Urn- 

the  middle. 

bata,  Hippopodium  pondero- 
suTHf    Pecten    edvu^    Am. 

Tumeri, 

5. 

Bubbly  indurated  band,  spec- 
kled brown. 

0 

2 

6. 

Soft  shale,  crumblj,  not  very 
foflsiliferous. 

0 

8 

7. 

Calcareous  rough  shale    

0 

8 

Modiola  Ubvis, 

8. 

Blue  shale,  papery,  with  no- 
dules. 

4 

6(e) 

Am,  Tumeri,  Modiola  lamnj 
Lucina  limbata,  Cardium 
oxynotu 

9. 

Hard  shell-limestone,  commi- 
nuted, pyritous  in  middle. 
Blue-black  shales  with  oyster 

0 

6 

Gr^haa  arcuaia,  Pecten  texto- 
rius. 

10. 

2 

8(0 

Am.  semicostatw,  Lucina  lim- 

layers, papery. 

bata,  Cardiwn  oxynoti,  Mo- 
diola Ugvis,  Cerithium  sp., 
Leda  galathea,  P.  textorius, 
Leda  Benevieri, 

11. 

Hard    earthy    not    pyritous 
shell-limestone. 

0 

2 

Lucina  Hmbata. 

12. 

Dark  crumbly  shale 

1 

0(e) 

Cardium  oxynoti,  Lucina  lim- 
bata, Modiola  Usvis,   Ceri- 

thium sp.,  Pleuromya  (cf. 
eUmgata), 

13. 

Shell-limestone,  very  pyritous 
ThiuHsplitting  blue  shale  with 

0 

1 

G.  arctiata,  Lucina  limbata. 

14. 

0 

8(e) 

Pecten  tsxtorius. 

doggers. 

15. 

Shell-limestone 

0 

1 

Lucina  limbata,Leda  galathea. 
Am.  semicostafusy  Monotis  in- 

16. 

Blue  shale,  with  dogger  near 
the  top,  with  irregular  shell- 

3 

0(e) 

aquivalis,  Leda    Benevieri, 

bands. 

Dentatiumetalense,  Cardium 
oxynofif  Leda  galathea,  Pec- 
ten caltnis,  Pleuromya  (cf. 
elongata),  Lucina  limbata. 

17. 

Bed  ironstone  dogger,  blue  in- 
side. 
Brown  oyster-band,  with  cal- 

0 

1 

Wood,  Dentalium  etalense. 

18. 

0 

4 

G.  arcuata,  Pecten  ThioUieri, 

careous  crystals  in  joints. 

Ichthyosaurus. 
Lucina  limbata,  Gryphaa  arcu- 

19. 

Blue-black  shales  with  septaria 

1 

4(e) 

ata,  Lima  hettanaiensis,  Ce- 
rithium sp.,  Leda  galathea. 

Leda    Renevieri,    Cardium 

oxynoti.  Am.  semicostatus. 

Aptychus,  wood. 

20. 

Shell-limestone 

0 

1 

Lucina  limbata,  Pecten  ThioU 
lieri,   G,    arcuata,    Belem- 

nitesacutus. 

21. 

Shale  with  red  iron-band,  in 

3 

6(e) 

Ditrypa  sp.,  Lucina  Ihnbaia. 

1      parts  with  fucoids. 
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Six  or  7  feet  of  rough  irregular  shales  with  similar  limestone  part- 
ings and  thin  ironstone  hands  may  be  walked  on  at  low  tides ;  beyond 
this  at  very  low  tides,  perhaps  about  20  feet  below,  is  a  very  strong 
band  seen  standing  out,  looking  at  least  2  feet  thick,  probably  the 
source  of  the  strong  limestone  with  Ammonites  semicostatus  &c, ;  and 
about  6  feet  below  that  again  another  ledge  is  occasionally  uncovered; 
and  even  beyond  this  there  must  be  others  near  the  surface,  from  the 
presence  of  lines  of  breakers.  In  the  last  shale  that  can  be  walked 
on  we  find  the  following — Euomphalus  B^,y  Cerithium  sp.,  Am.senU^ 
costatuSyA,g€ometricu8,Pecten  calvus,  P.  cequalis,  Lucina  limhata^  Lima 
peetinoides,  BdemmUs  acuttis,  Leda  galatheay  Unicardium  cardioides^ 
Ditrypa, 

We  have  thus  some  30  or  40  feet  of  BuckJandi-heda  exhibited 
here ;  probably  the  estimated  thickness  is  below  the  truth  ;  we  do 
not,  however,  reach  to  the  Middle  series  as  exhibited  at  Redcar, 
but  almost  commence  where  that  leaves  off.  The  most  characteristic 
fossils  of  these  beds  are  Am,  semicostatus,  Lucina  limhata,  Leda  ga^ 
lathea,  and  in  the  upper  part  Ostrea  arcuata  and  Modiola  Icevis.  In 
this  also  occur  the  large  Ammonites  which  have  often  been  called  A . 
Bucklandij  but  which  more  probably  belong  in  most  cases  to  A,  Tur- 
neri.  These  beds  can  scarcely  have  been  deposited  under  the  same 
conditions  as  those  at  Redcar,  as  there  is  no  falling-off  in  the  fauna 
here— the  majority  of  the  beds  being  equally  fossiliferous,  and  some 
containing  the  greatest  variety  occurring  near  the  top. 

Other  Exposures  and  Sections  of  the  BucJclamli-Bm>8, 

Coatham  Sandbanks. — The  hard  stone  bands  of  the  Bucklandi^ 
series  without  doubt  form  the  ridge  on  which  the  towns  of  Redcar 
and  Coatham  are  built ;  but  of  this  we  have  no  positive  evidence  ; 
however,  peeping  out  among  the  sand-hills  opposite  the  Coast-guard 
station  at  Coatham,  and  on  the  north  side  of  the  old  railway,  there 
is  a  small  patch  of  the  Upper  series  of  the  BucTdandi-hed^.  The 
strata  dip  8^°  seaward,  and  consist,  in  descending  order,  of : — 

ft.  in. 

Bubbly  iron-stained  limestone 1  0 

Dense  friable  shale,  full  of  0«^ea  2  6 

Shelly  limestone    0  6 

Blue  shale. 

4    0 

The  fossils  observed  were  Ammonites  Bncklandi,  A.  Sauzeanvs^ 
Belemnites  calcavy  Lima  giyantia,  L,  pectinoides,  Pecten  Thiollieri^ 
Lucina  limbata,  Cardinia  hybrida,  Unicardium  cardioides,  Monotis 
incequivalvis,  Modiola  Billana,  and  Ostrea  arcuata. 

On  the  south  bank  of  the  railway  and  a  little  west  of  the  last 
station,  and  about  160  yards  west  of  the  bridge,  a  small  excavation 
made  in  1873  disclosed  a  thin  band  of  shelly  argillaceous  limestone 
crowded  with  Ostrea  arcuata. 

Mardce  Bay. — Two  very  important  exposures  are  occasionally  to 
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be  seen  at  the  low  Bpring  tides  on  this  shore— one  to  the  east  and  in 
juxtaposition  with  the  angulatus-hedia  at  Redcar,  and  the  other 
opposite  Bed  Howls,  about  one  mile  west  of  Marske. 

In  the  account  of  the  an^o^K^-beds  at  Eedcar  it  is  stated  that 
they  have  been  brought  to  the  surface  by  a  fault,  on  the  east 
side  of  which  are  shales  belonging  to  the  Bucktandi-seiiea.  These 
latter  have  been  traced  continuously  for  a  distance  of  380  yards,  reach- 
ing opposite  to  the  break  in  the  sandbanks  called  Leigh  Dam.  For 
a  considerable  distance  beyond  the  fault  there  are  blue  shales,  with 
small  kidney-shaped  limestone  connexions,  but  no  fossils,  and  show- 
ing no  perceptible  dip;  but  higher  up  on  the  beach  similar  shales  have 
scattered  thoughout  them  large  examples  of  Ostrea  arcuata ;  these  are 
obviously  superimposed  on  the  former.  Passing  towards  the  eastern 
part  of  the  exposure  a  calcareous  sandstone,  1^  inch  thick,  containing 
Encrinites,  is  seen  oyerlying  the  blue  shales ;  and  beyond  we  encoun- 
ter stiff  blue  shales  with  a  few,  chiefly  small,  fossils  :  the  whole  of 
these  exhibit  a  slight,  though  decided  dip  to  the  south  east.  The 
fossils  of  the  last-mentioned  shales,  as  well  as  the  mineral  character 
of  the  whole  mass,  serve  to  correlate  them  with  the  middle  portion 
of  the  Bucklandi-hedB,  and  especially  with  the  strata  (Nos.  59-61, 
p.  60)  underlying  the  beds  of  Stokeslcy  Scar  at  Bedcar. 

The  species  are  Ammonites  Charmassei,  Dentalivm  ttalense, 
Leda  galathea,  Monotis  inaquivalviSjAstarU  irregularis^  Nuada  navis^ 
Modiola  l<xvisy  PleuromycSy  Ostrea  arcuata,  Pentacrinus  tuberculaiusj 
Lima  suecincia. 

At  a  distance  of  a  little  more  than  half  a  mile  to  the  east  is  the  other 
exposure,  which,  when  measured  by  us,  had  a  length  of  100  yards,  and 
a  breadth  of  60,  displaying  the  following  succession  of  beds  dipping 
at  an  angle  of  3°  to  tiie  8.E.  On  the  extreme  N.W.  part  of  the  patch 
there  occur  blue  shales  overlain  by  grey  sandy  shale  containing 
Ostrea  arcuata  and  Ammonites  bisulcatus. 

A  band  of  shelly  limestone,  2  inches  thick,  is  distant  40  feet 
from  the  N.W.  end.  This  is  succeeded  by  alternations  of  soft  blue 
micaceous  shales,  and  hard  sandy  and  cdcareous  shales,  sometimes 
separating  into  slabs ;  nodules  occur  in  all  the  beds,  but  are  more 
abundant  in  the  higher  ones. 

The  limestone  band  and  underlying  shales  have  yielded  a  variety 
of  fossils,  the  chief  of  which  are  Ammonites  SauzeanuSy  A.  Scipio- 
nanus,  Belemnites  a  cuius,  Cardinia  hybrida,  C,  crassiuscula,  Lima 
succincta,  Bijypopodium  jponderosuni,  Unicardium  cardioides,  and 
Spiriferina  Walcotii, 

The  highest  bands  of  shales  contain  Ammonites  Usulcatus,  A. 
semicostatus,  A.  difformis^  A.  Sauzeanus,  Belemnites  acutus,  PTiasia- 
nella Morencyana,  Cardita  Heherti,  Macrodon  hettangiensis,  M.  pullus, 
Leda  galathea,  Nucula  navis,  Astarte  ohsohta,  Lima  pectinoides^  Uni" 
eardium  cardioides,  Cardinia  hybrida,  and  Spiriferina  Wakotti. 

We  do  not  hesitate  to  refer  these  beds  to  the  horizon  of  the  upper 
part  of  the  Ammonites-Bu(hlandi  zone ;  and  as  they  have  a  dip  to  the 
S.E.,  contrary  to  that  of  the  correlated  beds  at  Redcar,  we  have 
clear  evidence  of  the  anticlinal  fold,  the  axis  of  which  must  intersect 
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the  line  of  coast  about  midway  between  the  two  outcrops  (see  sec- 
tion). 

Nuntharpe. — The  removal  of  the  whinstone  in  the  Nunthorpe 
quarries  has  brought  to  view  an  extensive  section  of  the  Lower 
lias  beds  on  the  horizon  of  Ammonites  Bucklandi,  Throughout  the 
whole  length  of  about  a  quarter  of  a  mile  the  bounding  walls  of  the 
dyke  are  constituted  of  micaceous  shales  and  ccdcareous  shale,  with 
nodules  and  a  few  stone  bands ;  but  ^m  the  induration  that  has 
been  effected  by  the  igneous  intrusion,  neither  the  lithological  cha- 
racters of  the  beds  nor  the  species  of  the  fossils  can  be  determined 
with  accuracy.  The  lowest  beds  visible,  which  may  be  examined 
with  more  satisfactory  results  in  the  road-cutting  entering  the 
quarries  on  its  S.W.  comer,  consist  of  shales  with  small  cylindrical 
limestone  nodules  and  harder  calcareous  shales  containing,  in  the 
form  of  casts.  Ammonites  semicostatus,  Fecten  Thioilieri^  Cardinia 
hyhrida^  Lucina  limbata,  Hippopodium  ponderosum^  Unicardium  car- 
fUoides,  Ostrea  arcuata,  and  Eryon  sp. 

The  depth  of  the  quarries  is  about  25  feet ;  and  on  the  eastern  end, 
adjacent  to  Eoundhill,  recur  a  similar  set  of  beds  yielding  Am,  semi^ 
cottatus,  Belemnites,  and  other  fossils  of  the  Bucklandi'Bene8 ;  be- 
tween the  two  points,  a  quarter  of  a  mile  distant,  the  beds  have  a  dip 
of  less  than  1°,  so  that  the  aggregate  thickness  of  the  Bucklandi-Beziea 
seen  here  is  not  more  than  40  feet. 

Otmotherley  District, — Bucklandi-BhsleB  are  exposed  in  the  road- 
side leading  from  the  church  at  East  Harlsey  to  Morton  Grange. 

EOerheck, — On  the  north  bank  of  Cod  Beck,  at  about  700  yards 
west  of  Ellerbeck  Mill,  thin  earthy  limestones  and  shales  are  in  view 
beneath  the  gravel  deposit  which  covers  so  extensive  an  area  in  this 
district ;  these  liassic  strata  are  exhibited  immediately  beneath  the 
hovel  designated  on  the  Survey  Map  Crab  Hall ;  but  further  west 
and  near  to  the  ford  the  following  section  may  be  observed  : — 

ft.  in. 

1.  Sandy  shales — Am.  Mmicosfatus,  Osi.  arcuata 1  8 

2.  Earthj  arenaoeous  limestone — liautilus  tiriahis 1  8 

3.  Earth  J  shales — Cardinia  crassiu«^la^  C,  hyhrida   0  7 

4.  Shell- limestone — Lucina,  Cardinia^  Ostrea 0  2 

5.  Shales  with  limestone  balls  and  thin  stone  bands — Belem- 

nites acutus   6    0 

Fossils — Ammonites  semicostatus,  A.  bisulcatus  ?,  Nautilus  striaius^ 
Belemnites  acuius,  Ostrea  arcuata,  Cardinia  crassiuscula,  C,  Listeri 
et  var.  hybrida,  Lima  succincta^  L.  gigantea,  L,  pectinoides,  Pecten 
Thiollieri,  Pinna  Hartmanni,  Unicardium  cardioides,  Lucina  lim^ 
hata,  Cidaris  Edwardsi, 

The  beds  here  described  dearly  belong  to  the  upper  part  of  the 
^tidSr^n^i-series. 

A  little  to  the  west  of  the  last  section,  there  is  another  on  the 
south  side  of  the  mound  caUed  Dun-Close  Hills,  and  which  may  be 
reached  by  following  the  course  of  the  stream.  Here,  earthy  and 
gryphitio  limestones  occur  among  blue  stiff  shales,  the  whole  be- 
longing to  some  part  of  the  BuchlandiAie^ ;  their  proximity  to  the 

f2 
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**  PZ^rotnyo-limestones "  in  Foxton  Lane  is  suggestiTe  of  a  lower 
leyel  than  that  of  the  EUerbeck  section. 

On  approaching  Sigston  Smithy  from  the  EUerbeck  section,  an 
obscure  exposure  of  the  Bucklandi-'hedB  is  noticeable  on  Uie  road- 
side by  Willow- tree  House ;  though  insignificaut,  yet  importance  is 
to  be  attached  to  this  determination,  inasmuch  as  it  fixes  a  westerly 
limit  to  the  course  of  the  Sigston  fault. 

On  the  west  side  of  Cod  Beck  this  Gryphite-Hmestone  is  traceable 
as  far  south  as  ffigh-Crosby  Cote,  forming  the  top  of  a  scarped  ter- 
race, being  the  eastern  boundary  of  the  liassic  plateau,  the  western 
terminations  of  which  are  made  by  the  P^romyn-limestones  and 
other  hard  bands  situate  towards  the  base  of  the  formation,  as 
already  described,  p.  32. 

Southern  Area, — In  the  stream  at  the  side  of  "  Backlane  "  at 
Howsham  all  the  large  stones  consist  of  fragments  of  oyster-bands 
of  this  series,  t.  e,  Ostrea  arcuata ;  and  the  same  may  be  found  along 
the  south  side  of  the  hill  by  the  springs  ;  so  that,  though  not  seen, 
they  probably  occur  here ;  and  in  this  case  the  lower  zones  must 
be  very  thin  or  absent,  as  the  Eeuper  is  close  below. 

Along  Gilder  and  Baffham  Becks,  to  the  west  and  south  of 
Hanging  Grimston,  many  indications  of  this  zone  appear,  by  the  fre- 
quency of  Gryphite-limestone.  To  the  south  side  of  a  fault  which 
throws  up  the  lias  against  an  outlier  of  Oolite,  just  north  of  Kirby 
XJnderdale,  these  limestones  were  met  with  in  situ  in  a  well-sinking. 
The  Bueklandi-hedB  of  Garrowby  Beck  have  been  already  men- 
tioned in  connexion  with  the  lower  zone  of  A,  angulatus. 

In  the  disturbed  strata  of  the  brick-yard  near  Wartcr,  where  the 
armatus-hedR  are  exposed,  as  will  be  mentioned  in  the  sequel,  the 
lowest  beds  visible,  which  stand  almost  vertical  on  the  east  side  of  the 
pit,  belong  to  this  zone — Ostrea  arcuata  and  Belemnites  a^cutuSy  with 
other  badly  preserved  fossils  being  numerous.  On  the  south  side  of 
a  small  hollow  in  the  chalk  immediately  to  the  east  of  Nunbumholme 
these  Grj'phite-beds  may  be  seen  in  situ  overlapped  by  the  B«d  chalk. 
In  a  plantation  to  the  east  of  Goodmanham,  there  are  springs 
rising  from  these  beds,  where  they  are  exposed  in  situ  lying  at  the 
top  of  the  plantation,  the  angulatus-hedB  as  before  mentioned  oc- 
curring lower  down. 

To  the  south  of  Market  Weighton  the  Bucklayidi-hedB  are  not 
very  satisfactorily  exposed.  If  wc  walk  along  the  top  of  the  hill 
which  runs  parallel  to  the  CliiF  and  Hotham  road,  and  in  which  are 
the  pits  before  described  as  displaying  the  lower  zones,  we  meet  every- 
where with  Ostrea  arcuata  in  great  abundance ;  but  any  pit  or  break 
shows  that  they  have  not  been  worked  up  from  beds  in  situ,  but  that 
they  have  been  washed  out  by  some  rapid  current  and  redeposited 
as  gravel,  mixed,  in  some  instances,  with  the  intervening  clays.  To 
the  south,  at  EUerker,  this  is  very  manifest ;  the  whole  ground  is 
covered  with  nothing  but  these  oysters,  which  are  used  for  road- 
stone.  Good  gravel-pits  of  this  sort  may  be  seen  at  the  top  of  the  hill 
above  North  Cliff,  and  on  either  side  of  the  road  leading  from  North  to 
South  Cave.    Here  the  current  must  have  been  of  the  wildest,  as  the 
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beds  are  most  irregular,  and  large  intervals  are  left  between  the  dif- 
ferent stones,  as  may  be  seen  too  in  the  oolitic  gravel-pits  in  the 
neighbonrhood  of  Brough.  There  can  be  no  doubt  that  the  Buck- 
2an^i-beds  occupy  the  western  portion  of  the  whole  of  the  top  of  the 
betbre-mentioneii  range  of  low  hills ;  and  they  gradually  reach  the 
more  level  ground  as  tbe  strata  descend ;  and  they  are  at  last  seen, 
apparently  in  situ,  in  a  small  pit  on  the  right  hand  of  the  road  from 
North'  Cave  to  Hotham :  in  the  former  place  they  are  met  with  in 
the  well-sinkings. 

With  respect  to  the  Gryphito-gravel,  it  is  remarkable  that  beds  of 
this  kind  consisting  purely  of  Gryphites  and  Belemnites  are  met 
with  in  patches  across  the  chalk  wolds,  as  at  Brandesburton.  In  the 
northern  area,  specimens  of  Ostrea  arcuata  occur  in  many  localities 
far  removed  from,  and  often  at  considerable  elevations  above,  the 
outcrops  of  the  Gryphite-beds.  They  are  frequent  in  the  gravels  which 
occupy  the  bed  of  the  Skelton  beck  from  Slapewath,  350  feet  above 
the  sea-level  to  Upleatham  ;  and  in  no  part  of  its  course  does  it  tra- 
verse Lower  Lias  strata.  They  have  occurred  in  the  thin  Boulder-clay 
cover  at  Lingdale  on  Kanghow  Moor,  at  an  elevation  of  600  feet  above 
the  sea.  At  Green  Hill,  about  three  quarters  of  a  mile  west  of  Osmo- 
therley,  a  gravel-pit  has  been  opened  at  660  feet  above  the  sea-level, 
and  worked  to  a  depth  of  20  feet ;  the  gravel  is  subangular  and  rudely 
stratified,  and  contains  a  profusion  of  the  common  oyster  of  the  Buck- 
^9u^i-beds ;  overhanging  Osmotherley  corn-mill,  a  similar  gravel  is 
consolidated,  and  at  one  spot  shows  a  vertical  face  of  7  feet. 

Paleontology  of  the  Zone  of  Ammonites  Bucklandi, 

Comparison  of  the  Faunas  of  the  angulatus-  and  Bucklandi-ft«&. — 
The  leading  paLeontological  features  of  the  zone  of  Ammonites  Buck- 
landi have  already  been  indicated ;  and  we  have  now  to  justify  the 
separation  of  the  angulatus-  from  the  i?u^^nc?t-beds. 

The    BucMandi-zone ' 

has  yielded 

The    angulatus  -  zone  \^  ^^q  ^^«^ 

has  yielded J  "       "    


174  species,  or  138  less  the  Foraminifera. 


Difference 25  25 

The  representatives  of  each  class,  excepting  the  Cephalopoda,  are 
about  equal  in  number  in  the  two  zones,  the  excess  of  Cephalopods 
in  the  higher  horizon  nearly  making  the  difference  of  numbers  of 
species  (excluding  Foraminifera)  between  the  two  faunas. 

Using  as  data  for  comparison  the  mere  occurrences,  actual  and 
inferred,  of  species  in  the  two  zones,  irrespective  of  their  relative 
degrees  of  frequency,  we  shall  find  that  the  community  of  species 
thus  so  crucially  tested  is  not  considerable,  as  may  be  gathered  from 
the  subjoined  Table. 
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Species 


pecSiar  tolpecSkr  to  '001^^10 
iangula-\  A.  Buck,  jboth  zones. 


Total      , 
species     j 
in  the  two 
sonee. 


RoptUes 1  0  !  0  I  2 

Fishes 2  1  2  •  0 

Cephalopoda    '  4  i  23  |  3 

Gasteropoda     8  1  11  '  18 

■  Lamellibranchs    13  |  14  34 

'  PaUiobranchs '  1  '  1  3 


Percentage  of  common  species  45. 


2 

4 

30 

37 

01 

5 


Crastacea     

3 

4 
1 

7 
6 

14 

Annelides    

...:         0 

7 

Echinoderms   

...!             1 

2       i 

4 

7 

Corals 

2 

1 

1 

4 

Plants 

...'         1 

1 

1       i 

0 

^ 

'       35 

i 

60 

1 

78 

173 

A  greater  contrast  would  be  noted  by  the  casual  observer  having 
before  him  only  the  more  frequently  occurring  species  of  efiwh  zone ; 
whilst  in  the  above  survey  the  single  occurrence,  «.^.,of  Cryptoenia 
solarioides  in  the  an^atu«-beds  counterbalances  the  hundreds  of 
examples  obtained  from  the  BuckI<indi'Zone,  and  so  also  with  many 
other  species. 

List  of  Fossils  of  the  Bucklandi-row^. 


lohthTOsauniB,  sp. 
Acrodus  nobilis. 

Belemnites  penicillatus. 

calcar. 

Hybodus  reticulatus. 

acutUB. 

Ammonites  Charmassci. 

infundibulum. 

Bucklandi. 

Nautilus  striatus. 

bisulcatus. 

Dentalium  etalense. 

Brooki. 

liinatulum. 

Conybeari. 

Actwonina  f  ragilis. 

Tumeri. 

sinemuncnsiB. 

smcmuneiiBifl. 

Pleurotomaria  similis. 

ScipionanuB. 

Hennocqui 

Sauzeanus. 

concava. 

seraicostatus. 

tectaria. 

rotiformiB. 

CiTptronia  solarioides. 

BodleTi. 

rotellaeformiR. 

fiuitimus. 

Turbo  solarium. 

-  -  Pauli. 

philemon. 

difformis 

reticulatus. 

Pellati. 

Wilsoni. 

Ritisoa  nana. 

niger. 

Phasianella  Morencvana 

Qreenougbi. 

PitonoUuB  sordiduB.' 

Birchii. 

Eucyclus  elegans. 

multicoBtatiis. 

selectus. 

noduloBUs. 

Trochus  redcarcnsis. 
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Chemnitsia  CioUenoti. 

aaioingulAta. 

Gerithiam  gratum. 

aeme&. 

TurritellA  Zenkeni. 

rogularis. 

Dunkeri.    , 

craBsilabrata. 

Difloohelix  Oppeli. 

striata. 

Natica  purpuroidee. 

arouata. 

Anomia  striatula. 
Plicatula  liasina. 
Ortrea  eemiplicata. 
Peoien  oalvuB. 

textorius. 

Thiollieri. 

puQctatiisimua. 

lunulariB. 

Lohbergensit. 

Lima  hettangiensii. 

gigantea. 

Buooincta. 

psolinoides. 

limea  Blakeana. 
MonotiB  papyria. 

inaeouivalTis. 

G«iTillia  HagenoTii. 
Pema  infraliusica. 
Pinna  Hartmanni. 
InooeramuB  pinnsformis. 
Macrodon  puUus. 

nayiculus. 

hettangiensit. 

Ledagalathea. 

Keneneri. 

textarata. 

suboTalis. 

Nucula  navie. 
Modiola  Hillana. 

Hillanoides. 

liPTifl. 

bifaaciata. 

Protocardium  Philippianum. 
Oardita  Heberti. 
Cardinia  craasiuBeula. 


Cardinia  concinna . 

Liflteri. 

,  var.  hjbrida. 

Astarte  obsoleta. 

dngalata. 

Tancredia  orata. 

apicistria. 

Laoina  limbata. 
Hippopodium  ponderosam. 
Mvoconcha  psilonoti. 
Unicardium  oardioides. 
Greaslja  galathea. 
Pleuromya  liasina. 

crasaa. 

Dunkeri. 

Pholodomya  glabra. 
Homomja  yentriooaa. 
Goniom^a  heteropleura. 
Spirifenna  Walootti. 
Bbynchonella  plicatii 
Diacina  Holdeni. 
Eryon,  sp. 
Ditrjpa  ^lobioepa. 

capitata. 

qiunqueaulcata. 

Serpula  Umax. 

deflexa. 

Ghileolaria  aodalia. 
Holothuria,  ap. 
Ophiura,  ap. 
Cidaria  Edwardai. 
Pentacrinua  psilonoti. 

baaaltifomiis. 

tuberculatua. 

Montliraltia  Haimei. 

Guettardi. 

Bairdia  liaaaioa. 

disperaa. 

lacryma. 

redcarenais. 

elongata. 

Cytbere  translooena. 

triangulate. 

paupercula. 

arcieformis. 

Pol^cope  oeraaia. 
Coniferoua  wood« 
Equiaetitea,  ap. 
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CHAPTER  IX. 

ZOKE  OF  AMMONITES  OXTNOTUS. 

All  the  beds  of  the  Lower  Lias  above  the  Bucklandi-senea  as  just 
^  described  we  include  in  the  zone  of  Ammonites  oxynotus.  Like  the 
former,  they  consist  of  a  number  of  argillaceous  beds  but  little  dis- 
tinct from  each  other  or  from  others  of  the  lower  and  basal  portion 
of  the  Middle  Lias.  The  top  of  each  bed,  in  this  case,  is  marked  by 
an  induration  of  calcareous  matter,  rendering  the  rock  whiter  in 
appearance  and  of  a  speckled  or  irregular  aspect,  with  thinner  or 
thicker  branching,  but  broken,  fucoid-like  marks  running  in  every 
direction.  The  bed  is  thus  rendered  gradually  harder,  it  being  very 
difficult  to  draw  any  line  between  this  capping  and  Uie  softer  part 
below.  It  would  seem  possible  that  this  is  caused  by  the  decay  of  some 
Boft-bodied  animals,  just  as  the  Gryphite-bands  are  formed  from 
those  with  shells.  Auyhow  it  is  remarkable  that  the  character  of 
the  surfaces  of  the  various  beds  in  the  lower  part  of  the  lias  changes 
with  the  change  of  fauna  contained  in  them.  These  remarks  have 
reference  to  the  section  on  the  shore  and  in  the  difb  of  Bobin  Hood's 
Bay,  where  alone  the  o^no^i^-beds  can  be  satisfactorily  seen.  In- 
land they  are  but  little  exposed ;  being  soft,  they  form  no  natural 
sections ;  and  they  have  no  economic  importance — Boulder-clay  or,  at 
least,  re-formed  clay  above  them  always  being  sufficient  for  brick- 
making  in  neighbourhoods  where  we  might  expect  them.  Where 
they  are  known,  however,  it  is  simply  as  dark  blue  clays  with  a  few 
scattered  nodules. 

In  the  south  of  England  the  oxynotm-he^^  have  a  similar  cha- 
racter, forming  the  greater  part  of  what  are  called  "  Lias  shales,"  while 
they  are  also  called,  from  the  prevalence  in  them  oiBelemniUs  acutus, 
the  *'  Belemnite-beds.''  They  have  been  divided  by  some  geologista 
into  three  zones — those  of  A,  obtusus.  A,  oxynotus,  and  A,  raricostatus 
in  ascending  order,  the  latter  including  part  at  least  of  what  we  call 
the  region  of  AmmonU<!S  armatus  and  include  in  the  Middle  Lias. 
In  Yorkshire,  however^  as  represented  by  Eobin  Hood's  Bay,  wo  do 
not  find  sufficient  palipontological  reasons  for  this  separation.  The 
Ammonites  are,  indeed,  restricted,  as  the  names  of  the  above  zones 
denote ;  but  if  otlier  Ammonites  were  selected  they  might  be  divided 
differently,  and  no  marked  change  in  the  accomi)anying  fauna  takes 
place.  Indeed  the  characteristic  of  these  beds  is  the  poorness  of  their 
fauna ;  the  zone  contains  fewer  fossils,  both  in  variety  and  number, 
than  any  other,  considering  its  thickness,  which  at  Bay  Town  amounts 
to  108  feet.    An  exception  to  this  statement  may  perhaps  be  made  in 


ZONE  OF  AMMONITES  OXTNOTUS. 


73 


the  case  of  the  Ammonites,  remains  of  which  in  the  various  horizons 
are  very  common,  and  their  varieties  are  numerous. 

The  oTynotus-heda  commence  as  scars  on  the  beach  immediately 
opposite  the  descent  from  the  village  of  Bay  Town,  the  two  long  reefs 
which  run  out  to  sea,  as  seen  at  low  tide,  being  the  uppermost  of  them. 
As  we  proceed  along  the  shore  towards  Peak  they  gradually  rise,  and 
we  successively  come  upon  lower  beds,  while  the  upper  ascend  into 
the  cliff.  They  are  there,  however,  covered  by  Boulder-day  and 
present  no  opportunities  for  study ;  but  the  lower  and  middle  parts, 
are  clear,  and  their  thicknesses  may  be  ascertained.  They  do 
not  all  reach  the  cliff,  but  the  lowest  beds  remain  permanently  on 
the  shore ;  after  passing  the  gully  of  Stoupe  Beck  they  reach  the 
greatest  elevation,  and  then  gradually  decline  towards  Peak  till 
they  meet  the  fault,  where  they  are  in  contact  on  the  shore  with 
beds  of  the  tnargaritatus-zone.  The  anticlinal  therefore  which  has 
brought  up  the  Lower  lias  in  this  bay  is  best  seen  in  following 
these  beds ;  and  by  joining  the  point  where  they  reach  their  greatest 
altitude,  and  that  where  the  lowest  beds  of  the  BucIrlancU-aenes  are 
exposed,  we  may  approximate  to  the  direction  of  the  axis  of  elevation, 
which  is  thus  deteimined  to  be  a  little  south  of  west,  and  to  corre- 
spond with  the  line  of  elevation  of  the  inland  valleys.  In  the 
forcing-up  of  these  beds,  those  nearer  Peak  were  left  to  drag  behind 
till  they  broke  off  and  so  dip  downwards  to  the  fault.  Tlie  scars 
form  a  semicircle,  as  may  be  seen  on  the  plan  which  we  have  drawn 
to  illustrate  the  structure  of  this  well-known  shore.  Their  greatest 
dip  is  about  8%  in  the  centre ;  it  gradually  diminishes  with  the  change 
of  strike  to  6°  on  either  side. 

The  following  is  the  detailed  section  of  this  zone ;  where  the  beds 
do  not  reach  the  cliff,  or  are  covered  when  there,  the  thickness  can 
only  be  estimated  by  the  eye. 


Section  of  oxynotii8-6e</«,  Robin  Hood's  Bai/. 


No. 


Lithology. 


Thick- 
ness. 


InduraU^  mndy  band,   with 
nodules  of  broken  fossils. 

Blue  shale 

Hardened  band 


ft. 
*1 

8 
0 


Blueshale 7 

Hardened  band |     0 

Blue  shale 4 


Blue  shale  with  variable  in 
durated    bands,    in   places 
thick,  elsewhere  thin. 

Hard  band 

Soft  clayey  band  in  places 

Hard  blue  shales  


Carried  forward . 


m. 
He) 

6 
3 


0(e) 
3 

0 


Fossils. 


Belemnites. 


Pecten  priscus,  Belemnites, 
Cardinia  hybrida,  GrypJuea 
obliquata. 

Homomya  veniricaea. 


I 


31    7 


•  e=:  estimated. 
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Section  of  oxjnota%-hed8,  Eobin  Hood's  Bay  (eontinued). 


No. 


lithology. 


Fossils. 


11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 


20. 


21. 


22. 
23. 

24. 
25. 


26. 


27. 


28. 
•29. 
30. 
31. 

32. 
33. 
34. 
35. 


Brought  forward    

Bubldy  Tariesated  hard  band. 

Blue  breakable  shales  

Bubbly  variegated  band  

Bhie  shale 

Hardbiuid 

Shale 

Hard  band | 

Blue  shales    | 

Line  of  foesiliferous  nodules. 


ft.  in. 
31  7 
0  4 
2  10 
0  3 
0  10 
0    2 


Bloeshales    1    8 


Hard  limestone  band,  with 
erect  annelid  (?)  tubes. 

Parting  of  shale    

Hard  limestone  band* 

Blue  shale,  orumblj 

Hard  rubbl J  stone    

Blue  orumblj  shales  with 
bands  of  scattered  irregular' 
doggers.  J 

Marly  stone  in  the  form  of 
dogeers  with  Peniacrintts-: 
band  and  cone-in-cone  strue-j 
ture  below.  I 

Shales  with  many  scattered 
sandittone  doggers,  sliell- 
layer  towards  base. 

Harclened  band 

Soft  shale  

Whitened  calcareous  band 

Variable  blue-black  shales 
with  scattered  doggers  (flat) 

Thin  whitened  band 

Sliales ' 

Wliitened  band 

Shales 


«M. '  Harder  whitened  band.. 
37.'Sliale 


0  8 

2-4  in 
8-6  in. 

1  3 

0    4 
5    8 


0    2 


5  10 


0  5 

1  7 
0  3 

14  0 

0  2 

1  4 

8-12  in 

6  0 

0  9 

2  3 


Lima  pectinoides. 

This  and  the  next  two  bands; 
run  dose  together  and  make| 
a  feature  in  the  cliff. 

Nautilus  8triatus, 

Pentaerinus  tuberoutaius. 

A.  raricostatus^  A.  densinoduM, 

Lima    nectinoides,      Pecten 

priscus^ManoNs  incequivalms. 

Pecten  ealuiu,  Lima  peciinoi-' 

dea^  Bkynckoudla  plicaiti^ 

sima,  I 

A,  Simpsoni  Nautilus  striatus,' 

Gryphaa  obliquafa,  Homomya. 

ventricosa.  I 

A.  gagateus,  Lima  peetinoides,\ 

Modiola  lavis,  Cardinia  ky-l 

hrida. 
Bel.  aeuhts,  Pecten  caltms.  Pro- 

tocardium  oxynoti,  A.  gaga- 

teus,  A.  oxynotus. 
Pent,  tuberculatus,  Aettdonina 

fragilis,  Hgdrobia  solidula, 

Lima  peetinoides,  Leda. 


;J8. '  Thick  whitened  band   

39.    Blue  shale,  unseen  in  cliff,  with' 
line  of  crustacean   nodules. 


8 
O(^) 


A.  planicostattis,  Lima  pecti- 
noid^^s,  Cardinia  hybrida, 
GryplKM,  ohliquata. 


Pent,  tuherculatus. 


Am,  Sagittarius^  Bel,  acufui,    i 
Ostrea  arcuata,  Bel,  acutus. 
Am,  Sagittarius,  Pent,   tuber" 
culaius. 

Am.  Sagittarius^  BeL  acutus,, 
Ostrea  arcuata. 

Am.  planicostatusy  A.  obtusus, 
A.  Sagittarius,  Am.  stellaris, 
Hippopodium  ponderasum. 


Carried  forward 91     8 


*  This  double  band  is  a  very  good  mark  for  a  base-line  of  measurements  ;  it 
is  traceable  through  the  whole  section,  andoomes  up  to  the  cliff  on  either  side  of 
MiU  Beck. 
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Section  of  oxynotaa-beds. 

Robin  ffoocTs  Bay  {continued). 

1  No.                  Lithology. 

Thick- 
ness. 

Fossils. 

ft.  in. 
91     8 

40.    Hard  brown  liniefltone  band 

0    5 

forming  a  strong  scar. 

41. 

Hard  blue  shale  with  line  of 

8    0(0 

Pecten  prUcus,   Bd.  aeuius, 

, 

scattered  doggers,  3  ft.  down 

Ostrea  arcuata,  Pentacrinus 

42. 

Hard  calcareous  rubbly  stone 
forming  a  very  strong  con- 
tinuous scar*^. 

1    3 

tiiberculatus. 

43.    Blue  shale  with  beds  of  oysterB 

2    4 

Ostrea  arcuata,    Pentacrinus 

tuberciUatuSf  Pecten  priscus. 

44. 

Indurated  limestone  band*  ... 

4-6  in. 

Ostrea  arctioia^Cardiniakybri- 
da,Hippopodiumpand€ro$um  : 

4o. :  Blue  soft  and  smooth  shale 

3    6(0 

Am.  pianicosta. 

with  round  nodules. 

46. 

Indurated      calcareo-argilla- 
ceous  rubbly  band,  speckled 

0    2 

;      brownish. 

' 

Total  thickness  

107  10 

aAk^^lM**     ^mmm-%0  ^ii  i^/^^iT        ••••««■•* 

The  last  four  of  these  beds  only  doubfully  belong  to  this  zone ; 
they  are  lithologically  more  connected  with  the  zone  below,  but  are 
placed  here  on  aceount  of  the  occurrence  of  A.  planicostatus. 

It  is  thus  seen  that  the  whole  series  presents  considerable  uni- 
formity, the  only  lithological  features  being  the  double  hard  band 
near  the  top  (44  feet  down),  and  the  two  single  limestones  near  the 
base.  The  series  of  beds  is  interesting  from  its  similarity  to  that 
of  the  Bucklandi-heds  below.  The  conditions  of  deposit,  though 
varjing  from  time  to  time,  as  evidenced  by  the  harder  calcareous 
portions  of  the  beds,  have  varied  continuously ;  and,  apart  from  the 
evidence  of  fossils,  no  marked  line  could  be  anywhere  drawn,  though 
the  extremes  of  the  whole  series  are  sufficiently  distinct. 

Other  Exposures  op  the  oxyfiotu8-BEi>8. 

These  beds  are  known  elsewhere  at  two  distant  localities  in  the 
northern  area,  and  have  been  recognized  at  three  places  in  the  south. 

Bedcar, — In  the  bay,  between  the  Redcar  and  Coatham  Scars,  are 
a  series  of  rocky  ridges,  striking  parallel  with  the  Redcar  Scars,  ex- 
posed only  at  the  low  spring  tides  ;  these  are  called  High  Stone,  and 
consist  of  two  principal  reefs.  The  eastern  one  is  made  by  a  bluish 
grey,  friable,  micaceous,  argillaceous,  arenaceous  limestone,  and  con- 
tains Ammonites  oxynotus  and  some  other  mollusca  given  in  the  sub- 
joined table ;  the  western  one  is  constituted  of  friable  micaceous 
sandy  shales  of  the  region  of  Ammonites  armatus. 

Ay  ton. — ^In  the  Back  Lane,  on  the  north  side  of  High  Green  in 
Ayton,  there  are  exposed  blue  micaceous  shales  ;  and  in  the  course  of 

*  This  forms  a  second  good  line  of  demarkation. 
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the  river  Seven,  below  the  sluice,  there  are  to  be  seen  similar  shales 
oontaining  a  thin  blue  limestone,  which  have  yielded  Ammonites 
gagatem^  Cardium  oxynoti,  and  Lim<i  pectinoides. 

Some  of  the  characteristic  Ammonites  of  the  upper  part  of  the 
Lower  lias,  such  as  A.  gagateus  and  A.  stellaris,  are  occasionally 
found  among  the  beach-stones  in  Marske  Bay,  probably  derived 
from  submerged  beds  of  the  oxynotus-zone,  wMch  must  crop  out 
seaward  between  Marske  and  Saftburn. 

Warter. — At  this  village  the  Chalk  overlaps  this  portion  of  the 
Lias ;  and  the  drains  and  well-sinkings  show  dark  blue-black  shale 
soon  rotting  to  clay,  containing  A,  gagateiis  and  B,  aeutus. 

Londesborough. — On  the  fields  adjoining  the  Market-Weighton 
road  have  been  found  nodules  with  A.  densinodus  (young)  similar  to 
those  found  at  Itobin  Hood's  Bay. 

Market  Weighton. — In  the  railway-cutting  before  mentioned, 
farther  east  than  where  the  angtdatus-heds  are  seen,  the  soft  blue 
dajB  which  are  here  and  there  exposed  contain  nodules  with  A.  oxy- 
notva^  A.  gagateuSj  A,  densinodus,  B,  acutus,  and  shell  masses  yielding 
Protocardium  oxynoti,  Lima  pectinoides,  Cardinia  hybrida^  Oryphra 
obliquata,  Pecten,  Monotis  inasquivalvis.  These  clays  have  yielded 
some  very  finely  grown  Foraminifera. 

Blocks  of  a  shell  limestone,  densely  packed  with  Ammonites  rari^ 
eoBtatus,  as  also  specimens  of  Gryphcra  arcuata^  have  been  collected 
from  the  Boulder-clay  in  many  localities ;  indeed  the  finest  specimens 
of  the  above-named  Ammonite  are  all  obtained  from  such  sources, 
being  very  rare  in  sitti, 

PALiBOinX>LOOT. 

The  total  number  of  species  recorded  from  this  zone  amounts  only 
to  sixty-five,  strongly  contrasting  with  the  rich  fauna  of  the  Buck- 
landi'heda,  more  particularly  so  if  the  relative  frequency  of  occur- 
rence be  noted.  Excepting  the  Ammonites,  which  are  restricted 
species,  a  very  few  shells  are  at  all  diffused  or  numerically  strong ; 
such  are  Belemniies  aeutus,  Cardinia  hyhrida,  Homomya  ventricosa, 
PerUacrinus  tuberculatus,  Cardium  oxynoti,  and  Gryphcea  obliquata. 
The  remainder  of  the  species  quoted  in  the  subjoined  list  are  either 
individually  rare  or,  if  abundant,  have  a  limited  vertical  distribution ; 
the  Lower-Lias  types  arc  obviously  on  the  wane :  the  Homomya, 
Belemnites,  Cardinia,  and  Pentacrinus  are  the  only  forms  which  here 
attain  to  their  maximum  development ;  whilst  a  few  others  recur  in 
the  Middle  Lias  to  regain  their  pristine  abundance — such  are  Avicida 
iiuipquivahis  and  Hippopodium  ponderosum. 

The  fauna  consists  (in  addition  to  the  5MO^*7«n<7i-species)  of  several 
restricted  species,  a  few  common  forms  relatively  abundant,  which  have 
just  been  mentioned,  and  of  a  few  preeminently  Middle-Lias  fossils, 
but  which  are  encountered  only  on  the  confines  of  the  two  formations. 

The  follo\i'ing  appear  to  be  peculiar — the  Ammonites,  Belemnites 
dens,  Trochus  rohigus^  Hydrobiu  solidula,  Leda  Heberti,  Gryphcsa 
nfmbium,  var.  oh1i<piata,  and  GIyph(va  lyrica.  The  Hydrobia  and  the 
Leda  occur  elsewhere  in  lower  beds  of  the  Lias. 


Z05Jb  OF  AUJfOXITES  OXYXOTUS. 


77 


The  Ammonites  are  restricted  as  follows  : — A,  raricoatatvs  occurs 
only  above  the  double  hard  band  No  21  &  22  in  the  section.  A.  dfn- 
sinodus  is  plentiful  in  a  band  about  2  feet  above  it ;  almost  every 
nodule  contains  specimens  associated  with  Pecten  priacus.  A,  oarynotus 
and  its  allied  A.  Simpsoni  arc  restricted  to  a  range  of  from  6 
feet  above  the  double  hard  band  to  8  feet  below  it ;  A.  denoiatua 
characterizes  the  shales  for  some  distance  below  this  band ;  -A.  gaga- 
teits  is  chiefly  found  in  a  line  of  nodules  8  feet  below  it ;  A,  ^jZant- 
costaiiu  is  confined  to  the  lower  half,  where  it  is  everywhere  met  with  ; 
and  A.  Sagittarius  begins  about  20  feet  above  the  base  and  ascends  as 
high  as  A,  planicostatus  ;  A.  obtusus  and  A,  stellaris  are  chiefly  found 
a  little  above  the  upper  of  the  two  single  limestones,  the  former  being 
plentiful.  The  limitation  of  the  range  of  the  Ammonites  is  thus 
more  marked  in  this  than  in  any  other  zone. 


List  of  fossils  of  the  oxynotus- W^. 


IchthTOflaurus  intenuediiu. 
Ammonites  caprotiuus. 

CoUenoti. 

impendens. 

densinodus. 

eii8. 
B'ormis. 

obtusus. 

oxynotus. 

planicoetatufl. 

raricostatus. 

sagittarios. 

Greenou^bi. 

SimpeoDi. 

stellaris. 

spiratiesimus. 

semioostatus. 

opbioides. 

ndcola. 

Oppeli. 

Nautilus  intermedius. 
Belemnites  acutus. 

infundibulum. 

calcar. 

dens. 

penicillatus. 

Actsponina  fragilis. 
TrocbuB  robigus. 
Cerithium  gratum. 
Turritella  Dunkeri. 

regularis. 

Hydrobia  solidula. 
Gryphsea  arcuata. 


Gryphasa  obliquatn. 
Ostrea  Goldfiissii. 
Pecten  priscus. 

OKiualis. 

oiIyus. 

Lima  gigantea  (?)  junior. 

pectinoides. 

Monotis  innquivalTis. 
Pinna  folium. 

Hartmanni. 

Leda  Heberti. 

BuboTalis. 

ealatbea. 

Cucullffa  Miinsteri. 
Modiola  sealprum. 
Protocardium  oxynoti. 
A  start  0  obsoleta. 
Nucula  navis. 

Hippopodium  ponderosuni. 
Cardinia  Listcri,  var.  bybrida. 
TJnicardium  cardioides. 
Gresslya  galatbea. 
Homoniya  Tentricosa. 
Arcomva  Tetusta  (juyenisfeima). 
Bhynchouella  plicatissima. 
Cvtbere  translucens. 
Glyphaea  lyrica. 
Eryma  lams. 
Bitrypa  ^uinquesuloata. 

circinata. 

Pentacrinus  tuberculatus. 
basaltiformis. 
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CHAPTER  X. 

ZONE  OF  AMMONITES  JAMEBONI. 

The  bedB  which  compose  this  zone  are  a  series  of  argillaceous 
shales  yarying  in  hardness  and  smoothness,  but  all  of  them  more  .or 
less  micaceous,  though  in  a  small  degree;  and  some  are  sandy.  They 
are  separated  into  beds  by  rows  or  layers  of  ferro-argillaceous  lime- 
stone, bluifih-brown  within  and  weathering  red,  which  maintain 
their  level  with  considerable  constancy  ;  these  bands  are  highly  cha- 
racteristic of  the  Middle  Lias,  and  are  known  locally  by  ti^e  name 
of  '*  doggers ;"  similar  masses  occur  in  the  Upper  lias,  but  without 
iron,  except  in  the  form  of  pyrites.  The  Janie«mir\)edB  also  contain 
pjritous  bands,  which  are  highly  fossiliferous ;  and  beneath  some  of 
the  doggers  cone-in-cone  structure  is  developed.  The  whole  series 
has  an  aspect  of  great  uniformity  ;  and  its  interest  is  chiefly  palaeon- 
tological,  though  inland  the  lower  portion  is  worked  for  bricks. 
This  zone  may  be  separated  into  two  parts : — the  upper  that  of  A. 
Jamescni  proper;  and  the  lower  the  subzone  of  ^.arma<ti«, which  con- 
tains a  fauna  of  great  interest  from  it«  sudden  exhibition  of  medio- 
liassic  forms  in  contradistinction  to  the  barrenness  of  the  uppermost 
beds  of  the  Lower  Lias.  The  zone  of  A,  Jamesoni  has  been  attached 
to  the  latter  division  by  Phillips  and  others  ;  but  an  examination  of 
the  fauna  which  we  record  can  leave  no  doubt  that  the  line  between 
the  two  divisions  of  the  Lias  must  be  drawn  below  these  beds.  In 
some  parts  of  England  and  Germany  the  horizon  of  A,  Utiilcyi^ 
which  is  situated  at  the  top  of  the  Jawi^wnZ-beds,  is  characterized 
by  a  considerable  number  of  Ammonites,  and  by  Oppel  was  raised 
to  the  rank  of  a  zone,  that  of  ^.  ihea\  and  designated  by  Brauns  that 
of  A.  centauruB,  In  Yorkshire,  though  the  dominant  Ammonite  A, 
HeriUyi  occupies  the  same  relative  position  as  it  does  elsewhere,  yet, 
as  it  is  unaccompanied  by  any  other  restricted  fossils,  we  include  it 
in  the  «/am«owi-beds. 

Beds  of  this  age  are  characterized  by  the  great  variety  of  Belem- 
nites,  both  as  regards  number  of  individuals  and  species,  and  from 
this  circumstance  have  been  named  the  "  Belemnite-beds  "  by  many 
French  and  German  writers,  a  name  also  given  to  the  zone  of  A.  oxy- 
noius  from  the  abundance  of  B,  acutus.  The  Yorkshire  equivalents 
preeminently  deserve  this  appellation.  In  Swabia,  they  are  known 
as  the  "  nwipwmaZw-morls ''  because  of  the  prevalence  of  Wald- 
heimia  numismalis,  a  ubiquitous  species,  though  absent  in  the  York- 
shire series  of  these  beds. 

There  is  only  one  section  in  which  we  can  obtain  by  measurement 
their  full  thickness ;  and  that  is  at  the  north  side  of  Hobin  Hood's 
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Bay,  the  base  being  jost  below  the  New  Inn.  On  the  south  side,  at 
Peak,  they  are  folly  exposed  in  the  cliff  on  the  west  of  the  fault,  but 
are  inaccessible ;  and  the  base  of  them  nowhere  else  along  the  coast 
rises  above  the  sea.  The  section  in  Hobin  Hood's  Bay,  where  they 
show  a  total  thickness  of  225  feet,  is  as  follows : — 


No. 


Lithology. 


Thick-  j 
ness. 


Fossils. 


I  Shale  ... 
Dogger 


1. 
2. 
3. 
4. 

6. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 


Base  of  capricamus-hedB. 


Light  hard  crumbly  shale   .. 

Dogger  

Shale 

Irregular  dogger. 

Shale 

Brown  sandy  layer   

Shale 

Variable  dog^r    

Shale  with  indurated  bands 
and  nodules. 

Scattered  dogger-band 

Shale 

Bogger  

Haracrumhly  shale 

Dogger  

Bluer  shale    

Irregular  dogger. 

Bluer  shale 


ft.  in.    I 

4    5      \  A.  capricomws. 

5-lOin. 


5  0 
0  6 
10    0 


18. ,  Well-marked  dogger 


19.  Hard  grey    indurated   shale 
I      with  more  indurated  band 

in  the  middle. 

20.  .Dogger  

21.  Blue  shale 


22. 
23. 


Dogger   .... 
Blue  shale . 


24.    Dorner 


•Z4.    Dom 
25.    Shale 


26. 1  Regular  dogger. 
27. 1  Shale  


28.  j  Irregular  dogger  .,., 

29.  Shale  


30. 
31. ;  S] 


13  6 

0-12  in 

2  9 

0  3 

13  0 

0  6 

2  0 

7  0 


A.    HetiUyi,     A.    Jimbriatut. 
Ophiodenna  Gaveyi. 


0    3 
11     6 


0  3 

1  10 

0    6 
3  10 


0  6 

3  0 

0  5 

1  0 


Belemnites  elegana. 

'  A.  brevifpina,  Giyph^ta  obli- 
quatOj    Modioli    8c<ilprum, 

I      Fleuromya  ovata, 

\  Behmniies  arariey  B.  elegatu^ 

,     Monotis  ivaguivalvis. 

I  Limea  acuticosta.  Pectin  tequi- 
vali»8t  Pinna  folium,  wood. 


Gryphtta  obliquata^  A,  hrem- 
I      Bpina. 

I  Pecten   pri9CU€,      Ckemnitzia 
BlaintfiHei. 

I  Gresdya  striata^  Leda  galaA 

I      thea,  Plicafula  fpinoaa,  Pin-i 

I      nafoHvm,  Belemnites  arari»,  \ 

B.  viryahts.  \ 

I  A.  hrevispina,  A.  polymorphus, 
I      Ditrypa  circinata. 


Carried  forward 98    2 
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No. 


82. 

33. 


34. 
36. 
36. 
37. 

sa 

39. 
40. 
41. 


42. 
43. 


44. 


45. 


46. 
47. 


.48. 
49. 
50. 
61. 

62. 
63. 
54. 


Lithology. 


Thick-  I 
ncfls     j 


Foflsils. 


Brought  forward 

Dogger  

Shale 


ft,  in.  1 
98 

0 
14 
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Irregular  dogger. 

Shale  

Irregular  dogger. 

Shale  

Irregular  dogger. 
Shale 


0    6 
6    4 


Irregular  dogger. 
Shale 


Strong  dogger 


4    0 


0    8 


Modiola  fcalprum.  j 

AmJynx,  A.  polymorph  us,  PAo-i 

ladomya  decorata  (Tertical),. 

Pecten  priacus,   Pleuromya 

ovata. 
Phol,  decorata  (vertical). 
Pholadomya  decorata. 

Pecten  pritcuStLimaHermanni. 

Unieardium  cardioides. 

BhifnchoneUa  plicatuttima^  Ar- 
homtfa  elongata,  IHtrypa] 
circinata^  Pinna  folium.      \ 

,  Pecten  priwus,  Gryphra  oA/i-j 

,      quata^  Gress/ya  ovata^CruB-\ 

i      tacean.  ! 

Pinna  folhtfH, 


Baae  of  Jama^oni-heds  proper.' 


Slue^hale :    10    0 


Ironstone  dogger 0 

Slue    shale,    with     pjritous    15 

neSts,  full  of  fossils  about 

5  feet  down*. 


jyogfT^r  0 

Blue  shale "  12 

Band  of  rotted  clay <) 

Ironstone  dogger  well  marked  0 

in  cliff. 

Blueshale 6 

Strong  ironstone  dogger  0 

Blue  shale,  with  doggers  and  24 

nebts  of  fossils  scattered. 


PiFtna  foiium,  Cticvlk^  Mun- 
t^rri.I.imra  acufieotia^  Areo- 
wya  retuj^a^  Giypkita  T»* 
qucmi  Iftma  H&rtkanHi, 

Lime  Hennrntii,  Mrmatisinm- 
qfiiralvi*.  Grypk^a  ohlu 
qnafa,  Wafd^timia  sort  ha- 
cenAfii^  Pfctrnvrix^jf.  Pinna' 
folium,  Sinrifrritho  Walcotti,] 
lar.,  Pimrototharifi  pito- 
certt^  EhynrhmiUit  plieftti»-\ 
sim/j,  J^otticttrdium  ojyno/i,' 
Cnf*nli^iMiin»trri^  Triffcmia 
»p.,  Kiicfdfi  cordafa,  Amm&- 
tiitfs  arrnttfus^  A.  TayloH^ 
Jielcmnife*.  Gresflya  ovata. 
G.  striata.  \ 


Inocrr.  fcntricotus,  Pecten  cat-. 
VU8,  Chemnitcia  £laiHvillei.\ 

GryphfBtt  obliqitata.  \ 

Ditrypa  circinata,   A.  arma-\ 

tun,  Pecten  pritcuSf  Beletn- 

nites.  ! 


I 


Curried  forward 204     8 


*  Is  at  the  base  of  the  cliff,   making  the  point   to  the  south,  of  the  north 
cheek  of  the  bay. 
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No.                  lathok^y.                   '^- 

Fossils. 

Brought  forward    

ft.  in. 

204    8 

0    1 

5    6 

0    3 
3    0 
3    0 

0    4 

8    6 

Belemnifes^Pecten  prucus^Ceri- 
thium^R^nchoneila  variabilia, 
Ammonites  of  small  size. 

Amfnonitet  ormatuSfBelejtmites, 
Rhyn.  tetrahedra.  Am.  pla- 
nicotta,  Gryph<Ba  obliquata, 
Anomia  numismalis,  Leda 
subovaUs,  Limea  acuticosta, 
Pecten  priacus,  CuculUea 
Muensteri,  Pinna  folium. 

Ammonites  tuhellut,A.armatu8, 
Ammonites  tardecreacens^  Pec- 
ten substriatus,  P,  calims, 
Cucullaa  Muensteri. 

Limea  acuticosta,  Pentacrinus, 
Ammonites  Macdonnelli,  A. 
tubeUuSy  Belemnites  elegana. 

1 
66. 

Thin  line  of  broken  fossils  ... 

andGhTphsas. 

- 
Ironstone  dogger  

57. 
58. 

59. 

60 

7)1llA.M<i| 

Scattered  irregular   doggers, 
and  blue  shi3e. 

with  oone-in-oonA  structure 
at  the  top. 
Blue  shale estimated  at 

(a  few  inches  onlj  seen  in 
the  cliff)- 

Base  of  the  zone  of  A.  amuUus 

Total  thickness 

225    4 

Indurated  band  of  sand  j  shale 
Softer  arenaceous  sbale    

1    6 
8    6 

Subzone  of  Jamesoni  proper. — The  fossils  of  this  subzone  lie  in 
general  in  the  shale  or  in  hardened  portions  of  it :  when  they  occur,  it 
is  generally  in  nests,  or  perhaps  layers,  much  of  the  rock  being  com- 
posed of  broken  remains  whose  decomposition  has  rendered  it  hard ; 
the  common  fossils  in  these  are  Belemnites,  Pectens,  and  Gryphseas ; 
and  these  assemblages  are  perhaps  the  most  characteristic  feature  of 
the  zone,  as  they  are  of  the  same  horizon  in  Lincolnshire.  The  dogger 
bands  are  not  eminently  fossiliferous,  but  only  in  proportion  to  their 
thickness.  They  are  more  earthy  than  those  of  the  spinatus-  and 
margaritattAS-heda,  The  most  fossiliferous  do  not  lie  in  the  regular 
lines,but  separately  between  them :  some  such  doggers  contain  nothing 
but  lAmea  aeuticosta ;  others  envelop  specimens  oi  Ammonites  striatus. 
The  characteristic  Ammonites,  which  are  always  badly  preserved, 
lie,  like  the  rest,  in  the  shale,  generally  in  definite  lines,  as  do  also 
the  PholadomycB,  which  occur  in  their  natural  position,  siphonal  end 
upwards.  All  the  beds  above  enumerated,  besides  occurring  in  the 
ouff,  where  they  have  been  measured,  are  also  spread  out  upon  the 
scar ;  and  many  of  them  running  parallel  to  the  cliff  and  dipping  at 
a  low  angle,  expose  long  strips,  some  as  long  as  a  quarter  of  a  mile, 
to  8ur£Bu:e  examination ;  but  notwithstanding  this,  the  variety  of 
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fossils  we  have  been  able  to  discover  on  these  scars  is  compara- 
tively little.  We  may  thus  perhaps  connect  uniformity  of  lithological 
feature  with  paucity  of  organic  forms :  there  being  no  change  of 
condition,  no  alteration  took  plaoe  in  the  fauna. 


Otheb  Exposttbes  of  Jamesoni-'BJSDS, 

Peak, — As  before  mentioned,  these  beds  come  down  again  on  the 
other  side  of  the  Itobin  Hood's  Bay  anticlinal,  to  meet  the  fault. 
At  the  point  where  the  fault  cuts  the  cliff,  850  feet  above  the  sea, 
the  beds  exposed  are  the  sandstones  of  the  margaritatus-zone ;  and  at 
the  base  of  the  cliff  we  are  at  the  bottom  of  the  armatus-zone ;  so 
that  this  350  feet  includes  the  thickness  of  three  zones  {armattis^ 
Jamesoni,  and  cajpricomus),  besides  a  portion  of  the  zone  above.  What 
proportions  here  to  assign  to  each  it  is  impossible  to  say ;  but  on  com- 
paring the  total  thickness  with  that  on  the  north  side,  it  is  plain 
that  none  of  them  can  be  much  deteriorated. 

Boulhy  or  Eock-cliff. — Proceeding  along  the  coast  from  Staithes, 
the  Scars  opposite  the  hamlet  of  Boulby,  which  consist  of  shale  and 
dogger  bands,  are  conspicuous  from  the  contained  Ammonites  jfimr- 
hriatus  of  large  size,  and  approximately  mark  the  upper  limit  of  the 
Jamesoni-heda,  The  strata  rise  to  the  northward ;  but  the  interposi- 
tion of  an  extensive  talus  prevents  the  band  with  A»  Jimhriatus 
being  traced  by  the  eye  up  into  the  cliff  under  Boulby  Alum -works, 
in  the  precipitous  face  of  which  we  have  not  been  successful  in  iden- 
tifying it.  Yet  there  is  good  reasoh  for  the  statement  that  the 
lower  25  feet  of  this  cliff  consists  of  beds  of  the  Jamesom-zone :  A, 
Jamesoni  is  abundant  in  the  lower  12  feet  of  the  cliff ;  and  fallen 
masses  of  shale  from  considerably  higher  contain  A.  Henleyi  and 
A.  Jimhriatus, 

Here,  as  at  Robin  Hood's  Bay,  the  Jamesoni-beds  consist  of  shale 
with  doggers,  and  layers  of  shells,  often,  however,  associated  with 
some  considerable  portion  of  sand,  which  in  conjunction  with  the 
calcareous  matterd  form  indurated  bands  up  to  8  or  9  inches  of 
thickness. 

Between  the  Boulby  and  Lofthousc  alum-works  these  strata 
attain  their  greatest  elevation,  having  been  brought  into  view  by 
anticlinal  which  courses  S.E.  from  this  point ;  but  they  decline  to- 
wards the  west,  and  leave  the  cliff  before  Hummersea  is  reached,  not 
again  to  be  seen  at  the  surface  till  Huntcliff  is  gained. 

Huntcliff. — At  about  half  a  mile  north  of  Skinningrove  we  en- 
counter scars  on  the  half-tidal  way  which  contain  nodules  enclosing 
A.  Jimhriatus.  This  portion  of  the  section  rises  into  the  cliff  under 
the  highest  point  of  Huntcliff,  but,  after  coursing  along  the  north 
front  of  it,  declines  to  the  sea-level  at  the  western  extremity,  near 
SaJtburn.  The  Jamesoni-hedBf  which  underlie  the  limited  thick- 
ness of  shales  containing  A.  Jimhriatus,  thus  constitute  the  base  of 
this  imposing  sea-cliff,  and  spread  out  as  extensive  weed-covered 
flats  between  tidal  marks.     The  characteristic  Ammonite  attains  to 


ZOKB  OF  AMXOKITBS  JTAICSSONI.  83 

im  elevatioii  of  9  feet  in  the  cliff;  but  many  of  tho  commonly  asso- 
dated  spedes  ascend  much  higher,  as  seen  in  the  following  section : — 

Section  0/ Jamesoni-ftofo,  HuntcUff, 

«    ^  ,  ,   .  ^^  ^^' 

Hard  Bhale  m  large  blocks. 

Shale  breaking  in  small  pieces 20  0 

Blue  shale  crumbling,  BeUmnites  eleganst  Pecfen  lumUaris 7  0 

limestone  dogger 0  4 

Bloeshale  7  3 

Assumed  base  of  the  capricomusAn&difi, 

Double  rows  of  doggers,  Oresdya  oxHxta,  Lima  eucharis    1  6 

Bhub  fhale,  Belenmites  ckarmoitthensis    10  3 

Bound  doggers  0  3 

Shale  7  8 

Dogger  band  0  5 

Shale  3  « 

Dogger    0  4 

Shale  with  shell-bed,  £«/bnni^es  elegans,  Pinna  folium^  PlicattUa 

gpinota 2  8 

Dogger    0  4 

Shato  2  9 

DoMer    0  2^ 

SheSe,  Belemnites  ckannoutkensis,  Grypkaa  obliquata  5  2 

Dogger    0  4 

ShaXe,Belemnite8fPecf€n  aquivalvis,  Modtola  scalprum,  Gryphaa 

obliquata,  Rhynchonellaiefrahedra  ...  1  11 

'Flattened  doggers,  Unicardium  cardioides,  Pholadomya  decorafa  0  4 
Shale  with  scattered  doggers,   Pinna  folium^   Hippopodium 

ponderomm 5  7 

Flattened  doggers. 

Shale  with  scattered  dogsers,  small  elliptical  OTal  concretions 

enclosing  Crustacean  a^bris   and  shell  masses.  Ammonites 

JainesDm,  and  many  other  characteristic  fossils 8  8 

Flattened  doggers,  ^^emni^ 0  4^ 

Shale  to  foot  of  clifF 4  0 

Shales  and  doggers  to  low-water  mark,  with  Am.  Jamesoni,   A. 

brevispina^  A.  polymorphus,  &c.,  estimated  (from  breadth  of 

surface  and  dip  of  2^  degrees)  at    30  0 

Total  thickness  86    3 

A  similar  section  measured  at  another  part  of  the  cliff  is  given  at 
page  92. 

The  flat  scars  under  Huntcliff  present  a  scene  of  the  wildest  con- 
fusion, being  encumbered  with  huge  blocks  of  the  Middle  Lias  sand- 
stones fallen  from  the  cliff  above ;  conspicuous  amongst  them,  and 
especially  towards  the  high-water  mark,  are  hummocks  of  shale 
crowned  with  a  shelflF  indurated  layer,  which  thus  has  partially 
preserved  the  underlying  softer  mass  from  the  mechanical  wear  of 
the  waves,  and  the  destructive  effects  of  alternate  saturation  with 
water  and  desiccation  by  the  sun's  heat. 

Fossils  occur  in  great  profusion  in  these  layers,  but  may  also  be 
collected  in  excellent  preservation  from  the  siirface  of  the  shales  at 
high-water  mark.^ 

o2 
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Coatham  Scars. — The  armatiu-heds  which  constitute  the  western 
ridges  of  High  Stone,  Redcar  Bay,  are  not  seen  underlying  the  shales 
with  A.  Jamesoni,  which  make  the  broad  expanse  of  the  landward 
side  of  the  Coatham  Scars ;  but  the  point  where  our  section  begins 
cannot  be  vertically  many  feet  in  thickness  above  them.  The  Coat- 
ham Pier  intersects  the  Hne  of  strike  of  the  beds  on  that  part  of  the 
scars  at  6^  from  a  right  angle,  which  is  nearly  due  east  and  west. 
Column  No.  19  of  the  pier  stands  upon  the  most  southern  expo- 
sure of  rock.  We  assign  to  the  JamMoni-heda  a  breadth  of  out- 
crop of  630  feet,  which,  dipping  at  11°  north,  corresponds  to  a 
thickness  of  120  feet.  The  shales  are  identical  with  those  described  in 
the  other  sections  of  these  beds ;  but  the  thin  blue  argillaceous 
limestone  courses  have  not  been  noticed  elsewhere. 

It  is  only  during  the  hottest  part  of  the  summer  that  these  scars 
can  be  at  all  examined  in  a  satisfactory  manner,  as  at  other  times  of 
the  year  they  are  overgrown  with  seaweed  and  incrusted  with  para- 
sitic life. 

Ormesby, — ^A  well-sinking  at  Long-Bank  Farm,  and  the  driving 
of  a  water-level  for  the  mines  adjacent,  disclosed  the  presence  of  the 
Jamesoni  shales  beneath  the  Boulder-clay  in  this  district,  and  helped 
to  determine  the  direction  and  amount  of  throw  of  the  fEiult  which 
bounds  the  Normandy  Mines  on  the  north-west.  Numerous  fossils 
were  obtained  from  the  two  excavations,  including  Ammonites  brevi- 
spina,  Pinna  folium^  and  other  restricted  species  of  this  zone. 

Upsall. — The  Goodwood-Pit  sinking  in  Osborne  Rush  Plantation 
on  the  south  side  of  Bamaby  Moor  finished  off  in  these  shales  at  a 
depth  of  240  feet.  The  spoil-heap  consists  of  blue  micaceous  shale 
crumbling  to  a  semi-clay ;  russet-coloured  clay  ironstone  doggers, 
dark-brown,  and  of  an  earthy  texture  inside,  abound;  some  few 
blue  argillaceous  limestone  doggers  weathering  white  occur.  The 
nucleus  of  a  Pinna  folium  was  of  clay  ironstone.  The  fossils  of  the 
limestone  and  shale,  and  the  lithological  characters,  all  bespeak  the 
horizon  of  Ammonites  Jamesoni,  This  determination  is  of  value 
in  calculating  the  throw  of  the  Upsall  fault,  which  passes  a  little  to 
the  north  of  the  pit,  between  it  and  the  Oolitic  escarpment. 

Pinchinthorpe  to  Easby. — The  north  end  of  the  plateau  of  Middle 
lias  of  Bonsdale  Hill,  Pinchinthorpe,  is  based  on  sandy  micaceous 
shales  with  some  doggers  which  belong  to  this  or  the  succeeding 
horizon.  Similar  beds  are  disclosed  on  the  north-west  slope  of  Rose- 
berry,  and  along  the  line  of  the  Whin  Dyke  at  Langbanigh  ;  but  in 
the  Wood-End  railway-cutting  wo  have  indisputable  evidence  of 
this  horizon  at  the  surface.  Here,  as  in  the  case  of  the  conjectural 
exposures,  the  strata  are  blue  micaceous  shales  with  ferro -calcareous 
doggers,  but  with  numerous  characteristic  specimens  of  the  zone  of 
Ammonites  Jamesoni,  including  Am,  polymorphus,  Pinna  folium, 
Plicatula  sjnnosa,  &c. 

Easby. — At  the  mill-dam  across  the  river  Leven  at  Easby  there 
are  exposed  blue  micaceous  shales  with  large  limestone  doggers,  the 
shales  being  traceable  down  the  stream  as  far  as  the  mill.     A  very 


ZOKB  OP  A1CM0NITS8  JTAMBBONI.  85 

laige  number  of  Janusoni  fossils  were  collected  in  the  shales  and 
doggers,  including  the  ubiquitous  Ammonite  species  A.  Jamesoni  and 
A.  polymorphus. 

HalUday  Slack,  on  the  front  ofChigley  Moor. — ^This  section  reaches 
probably  to  this  level ;  but  no  fossils  have  been  observed  in  the  lower 
part. 

Husikwaite. — ^In  the  little  tongue  of  Lias  which  runs  up  towards 
Coxwold,  between  two  Oolite  regions,  various  zones  are  here  and  there 
exposed.  The  lowest,  by  stratigraphical  considerations,  is  in  the  cutting 
west  of  Husthwaite  gate,  where  are  numerous  beds  of  blue  shale  and 
doggers,  all  grass-covered;  from  fragments  extracted  coDtaining 
small  specimens  of  Limta  acuticosta  and  Protocardium  oxynoti  &c.,  it 
is  judged  that  these  may  be  ./ame^oni-beds,  as  from  their  position 
they  could  not  well  be  lower. 

Easingwold. — The  lower  portions  of  this  town  lie  upon  blue  clays ; 
and  having  obtained,  on  the  occasion  of  a  drain  being  made,  the  fol- 
lowing fossils,  Cardium  oxynoti,  Pleuromya  sp.  Belemnites  arari*, 
BhynchoneUa  variabilis,  CucuUcBa  Munsteri,  Area  sp.,  Ostrea  sp., 
Chemnitzia  Blainvillei,  with  marls  and  sulphurous  nodules,  we  think 
it  probable  that  these  are  the  lower  part  of  the  Jamesowt-beds, 
verging  on  armatus. 

Lower  Mowthorpe, — This  is  a  farm  on  the  southern  escarpment  of 
the  Oolite  to  the  north  of  Bulmer.  Here  on  the  side  of  a  small 
beck  is  a  low  cliff  of  rotten  blue  brown- weathering  shale,  in  which 
occurred  Pecien  cBquivalvU  (small)  and  Ditrypa  sp. ;  and  being  but 
little  above  the  level  at  which,  in  a  neighbouring  beck,  armatus-Ufy- 
dules  occurred,  it  probably  belongs  to  the  zone  under  consideration. 
Shales  which  might  belong  to  this  zone  occur  beneath  the  Oolite 
N.N.E.  of  the  village  of  Foston ;  and  they  probably  do  so  belong 
if  we  have  interpreted  rightly  the  structure  of  the  country  here ; 
but  they  are  too  little  exposed,  in  stream-sides,  to  give  much  infor- 
mation themselves.  No  more  Middle  Lias  is  seen  till  we  reach  the 
neighbourhood  of  Kirby  Underdale,  Garrowby.  In  the  localities 
which  wiU  be  indicated  for  armatus-hedB,  there  appears  to  be  a 
greater  thickness  than  they  require,  and  it  is  therefore  probable  that 
beds  of  the  present  subzone  are  also  uncovered ;  no  signs,  however,  of 
them  occur  anywhere  farther  to  the  south  ;  and  from  the  proximity 
of  the  itptna^tM-beds  to  those  of  A.  oxynotus  near  Market  Weighton 
it  is  most  likely  that  they  have  thinned  out,  or  are  insignificant. 

In  the  valUys, — Only  one  of  these,  Bilsdale,  is  excavated  to  suffi- 
cient depth  to  expose  this  zone.  In  Bilsdale,  along  the  south  bank 
of  Raisdale  Beck,  whioh  crosses  the  high  road  just  south  of  Chopgate, 
are  several  low  clifis,  of  blue  brown-weathering  micaceous  shales  with 
bands  of  limestone  doggers,  very  similar  in  appearance  to  those  in 
Robin  Hood's  Bay.  The  occurrence  in  them  of  Pholadomya  decorata. 
Pinna  folium,  and  Trochus  thetis  proves  them  to  be  Jamesoni-heds, 
as  is  also  evident  from  our  ability  to  trace  up  the  whole  series  in  the 
sides  of  a  rugged  road  above  leading  to  some -jet  works,  from  the 
capricomuS'  to  the  spinatus-zone, 

Subzone  of  Ammonites  armatus. — The  same  strata  as  given  in  the 
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typical  Bection  come  down  again  on  the  S.E.  side  of  Itobin  Hood's 
Bay ;  but  here  they  are  not  so  easy  to  examine,  as  they  rise  quickly, 
and  the  scars  are  covered  with  weed ;  they  are  the  highest  beds  ex- 
posed on  the  shore  on  the  downthrow  side  of  the  Peak  fault. 

The  only  other  locality  along  the  northern  escarpment  where  beds 
of  tlus  age  are  recognized  with  any  degree  of  certainty,  is  the  High 
Stone  in  Eedcar  Bay,  already  referred  to  on  p.  84.  The  westernmost 
scar  consists  of  friable,  micaceous,  sandy  shales,  containing  Am. 
armatus,  Pholadomya  decarata,  Qresslya  ovata,  and  a  few  other 
species. 

We  venture  to  refer  to  this  horizon  the  strata  exposed  to  view 
alongside  the  Whin  Dyke  at  Staple-Hole  Quarry,  Langbarugh.  In 
a  crosscut  to  the  quarry  there  may  be  seen  about  20  feet  of  sandy 
micaceous  shales,  with  scattered  nodules  of  a  black  semicrystalline 
limestone  (possibly  phosphatic).  The  fossils  are  somewhat  obscure, 
on  account  of  the  induration  by  igneous  action ;  but  the  following 
have  been  satisfactorily  determined — Pecten  calvus,  P.  ceqttivalvis, 
Modiola  numismdlis,  Leda  galathea,  Astarte  striatostdcata,  Lingtda 
sacctdus. 

When  in  the  southern  area  the  higher  beds  of  the  lias  gradually 
begin  to  emerge  from  beneath  the  great  overlap  of  the  Oolite  and 
Chalk,  these  are  the  first  brought  into  view.  The  shales  at  the  base 
of  the  hill  at  Kirby  Underdale,  which  is  capped  by  an  Oolitic  out- 
lier, enclose  nodules  similar  to  those  of  the  armattis-hedB,  and  con- 
tain Chemnitzia  Blainidllei,  Modiola  nvmiimaUs,  Pecten  HehliifBhyn- 
choneUa  furdllata,  which  is  at  least  consistent  with  their  belonging 
to  this  zone.  Similar  nodules  of  a  light-blue  interior  occur  in  many 
of  the  streams,  especially  near  Garrowby  Hall,  where  Pinna  foliun 
is  met  with.  At  Bugdale  spring,  in  the  Park,  where  the  wate^ 
escapes  from  beneath  the  cha&,  the  nodules  of  the  lias  are  of  the 
same  character  and  contain  Waldheimia  sarthacensis,  which  is  com- 
mon in  this  and  the  overlying  subzone,  thus  deciding  the  horizons 
of  the  other  localities  mentioned.  Along  the  hill-side  between 
Bishop  Wilton  and  Garrowby  similar  nodules  are  to  be  seen,  in  one 
of  which  Am,  armatus  occurred.  The  only  other  locality  where 
beds  of  this  age  are  known  is  in  a  brickfield  belonging  to  Lord 
Muncaster,  about  a  mile  from  Warter,  towards  Pocklington.  Here 
the  beds  are  thrown  up  on  their  edges,  dipping  at  the  surface  at  a 
high  angle  to  the  W.,  as  far  as  they  can  be  said  to  dip  at  all  when 
so  disturbed.  The  stratification  is  almost  lost,  though  there  are  rows 
of  large  doggers,  some  of  wh^ch  are  unfosiliferous ;  but  every  one  of 
a  certain  set  lying  about  6  feet  below  the  highest  beds  exposed  con- 
tains one  or  more  specimens  of  Am,  armatus  or  A,  Macdonnellii  with 
smaller  fossils  surrounding  them.  The  clays  of  the  series  are  re- 
markable for  containing  a  very  large  quantity  of  crystals  of  selenite, 
some  of  large  size.  On  the  other  side  of  the  pit  are  beds  of  the  Buck- 
landi-zone ;  but  the  intervening  space  aflbrds  no  opportunity  for 
observation  of  the  intermediate  zones. 
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Paleontology. 

The  two  Bubzones  are  closely  united  together  by  the  occurrence  of 
numerous  common  species,  many  of  which  pass  onwards  to  the  higher 
zones ;  but  they  have  a  distinct  series  of  Ammonites,  agreeing  in  this 
respect  with  the  subzones  of  raricostatus,  oan/notus,  and  obtusus  in 
the  zone  below.  The  species  which  are  peculiar  to  the  zone,  but 
common  to  both  its  divisions,  are  the  following — Ammonites  polymor- 
phus,  BelemniUs  eUgans,  B,  charmouthensis^  B,  virgatris,  B,  araris, 
Pholadomya  decorata^  Oresslya  striata,  Rhynclionella  furcilluia,  R, 
rimosa,  Leda  Zteteni,  Pinna  folium. 

Those  that  are  known  only  in  the  armattis-hedQ  are  (besides  the 
Ammonites)  Belemnites  palliatxis,  Cerithium  Slattern,  Chemnitzia 
Youngi,  Pleurotomaria  procera,  Arcomya  vetusta,  Glyphosa  Terquemi, 
Trigonia  modesta,  Spiriferina  Walcotti,  var.  vemu^osa. 

Those  peculiar  to  the  Jamesoni-zone  proper  are  Cerithium  eamerto- 
nensis,  Trochus  thetis,  Turbo  littorinaformis,  Cardinia  attenuata, 
Maerodon  palchellus.  Area  StricJclandi,  Spiriferina  oxyptera,  Rhyn- 
ehondla  subeoncinna,  Arcomya  elongata,  Ophioderma  Oaveyi,  Psevdo- 
glyphcea  hamifera. 

The  greater  nimiber  of  these  are  of  great  rarity,  whereas  those 
which  unite  the  two  subzones  ^re  common. 

Fossils  of  the  zone  of  Ammonites  Jamesoni. 
J  signifies  the  subzone  of  Jameaoni  proper ;  A  sigDifies  the  subzone  of  artnatus. 

Plesiosaurus,  sp.  (J.)  Actaeon  marginatus.  (J,  A.) 

Ammonites  Jamesoni.  (J.)  Cerithium  Slatteri.  (J,  A^ 

breyispina.  (J.)  Chemnitzia  faveolata.  (J.) 

Henleyi.  (J.)  carusenftis.  (J,  A) 

polymorphus.  (J,  A.)  Blainvillei.  (J,  A.) 

mix.  (J.)  undulata.  (J,  A) 

Huntoni.  (J.)  Youngi.  (A) 

Loecombi.  (J.)  Trochus  tbetis.  (J.) 

Begnardi.  (J.)  Eucyclus  imbricatus.  (J,  A.) 

fimoriatus.  (J.)  Gaudryanus.  (J.) 

striatus.  (J.)  Turbo  littorinajformis.  (J.) 

armatus.  (A.)  Pleurotomaria  procera.  (A.) 

aculeatus.  (A.)  Protocardium  oxynoti. 

sodahs.  (A)  truncatum.  (J.) 

Talidus.  (A.)  Unicardium  cardioides.  (J,  A.) 

Grenouillouxi.  (A)  Astarte  striato-sulcata.  (J,  A) 

Taylori.  (A.)  Cypricardia  cucullata.  (J.) 

Heberti.  (A.)  Hippopodium  ponderosum.  (J,  A.) 

tubellus.  (A.)  Cardinia  attenuata.  (J.) 

Macdonnellii.  (A.)  Cardita  multicostata.  (J.) 

tardecrescens.  (A.)  Saxicava,  sp.  (A.) 

Nautilus  araris.  (A.)  Pholadomya  docorata.  (J,  A.) 

Belenmites  elegans.  (A.)  Pleuromya  punctata,  (J.) 

charmouSiensis.  (J, A.)  ovata.  (J,  A.) 

araris.  (J,  A.)  Gresslya  striata.  (J.^ 

vireatus.  (J,  A)  Arcomya  elongata.  (J.) 

palliatus.  (J, A)  vetusta.  (A) 

dayatus.  (J.)  Goniomya  hybrida.  (J.) 

apioicuryatus.  (J.)  Trigonia  modesta.  (A.) 
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LedftZieteni.  (J,  A.) 

Qalathea.  (J,  A.) 

oomplanata.  (J.) 

minor.  (A.) 

suboTalis.  (A.) 

Nucula  cordata.  (J,  A  J 
Cucullsea  Miinsteri.  (J,  A.) 
Macrodon  pulchellus.  (J.) 
Area  Stricklandi.  (J,  A.) 
Modiola  scalprum.  (J,  A.) 

numismalis.  («f ,  A.) 

Pinna  folium.  (J,  A.) 
Inooeramus  ventricosua.  (A.) 
Genrillia  serosa.  (J,  A.) 
Monotis  iniequiTalTis.  (J,  A.) 
Plicatula  spinoaa.  (J.) 
lima  Hermanni.  (J,  A.) 

peotinoidos.  (J.) 

eucharis.  (J.) 

Limea  acuticosta.  (J,  A.) 
Pecten  priscus.  (J,  A.) 

aequivalvis.  (J,  A.) 

suMtriatus.  (J.  A.) 

calvus.  (J,  A.) 

lunularis.  (J.) 

Anomia  numismalis.  (J,  A.) 
Gryphsa  obliquata.  (J,  A.) 


Ostrea  lageniformis.  (J.) 
Waldheimia  sarthacensis.  (J,  A.) 
Spiriferina  Walcotti  (var.).  (A.) 

oxjptera.  (J.) 

rostrata.  (J,  A.) 

Bhynchonella  tetrahedra.  (J,  A.) 

yariabilis.  (J,  A.) 

furdllata.  (J,  A.) 

plicatiflsima.  (J,  A.) 

calcicosta.  (A.) 

rimosa.  (J,  A.) 

Bubconcinna.  (J.) 

Lingula  oaccula.  (J.) 
Leptfena  belemnitica.  (J.) 
Ditrypa  circinatA.  (J,  A.) 

capitata.  (J.) 

5Hsulcata.  (J.) 

Serpula  plicatilis.  (J.) 

flaccida.  (A.) 

Glypbsea  Terquemi.  (A.) 
Pseudogljphmi  hamilera.  (J.) 
Ophiodorma  GhiTevi.  (J.) 
Hemipedina,  sp.  (J.) 
Pseudodiadema,  sp.  (J^ 
PentacrinuB  Millerii.  (tl.A.) 
BcalariB.  (A.) 
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CHAPTER  XI. 

tOKE  OP   AXMONITES  CAPRICORKTS. 

Oeneral  Ckaracters, — The  beds  comprised  under  this  zone  are 
eBsentially  argillaceous  and  offer  sufficiently  distinctive  characters 
to  justify  us  in  detaching  them  from  the  .Tame^ont-shales  upon 
which  they  lie.  These,  we  have  seen,  split  into  thin  laminse,  are 
smooth  and  fine-grained,  while  the  main  mass  of  the  caprieomus- 
shales  have  a  coarse,  earthy,  dull  aspect,  a  mixed  colour  of  black  and 
grey,  and  break  up  into  rough  irregular  pieces.  In  general  they  are 
more  or  less  sandy  and  micaceous,  and  sometimes  they  contain  so 
much  carbonate  of  lime  as  to  readily  effervesce  with  acid.  Towards 
the  upper  part  of  the  series  the  argillaceous  matter  is  indurated  by 
a  copious  admixture  of  sand,  so  as  to  approach  to  sandstone ;  and  in 
not  a  few  instances  it  derives  considerable  hardness  from  an  increase 
of  calcareous  matter.  Nodules  of  argillacous  limestone,  more  or  less 
ferrous,  are  very  regularly  distributed  in  rows  throughout  the  mass  ; 
they  are  generally  small,  and  those  in  some  bands  nearly  globular, 
resembling  small  cannon-balls  ;  these  latter  contain  much  pyritous 
matter  diffused  throughout  their  mass.  Some  of  the  less  ferruginous 
ones  have  been  formed  around  a  specimen  of  Ammonites  capricornus 
as  a  centre;  these  are  more  frequently  met  with  detached  and 
not  in  rows.  In  Drayton's  fanciful  poem  the  *  Polyolbion '  ai-e 
some  very  characteristic,  though  quaint,  lines  descriptive  of  the 
rounded  nodules  of  Huntcliff : — 

**  The  Books  by  Moultgraye  too,  my  glories  forth  to  set, 
Out  of  their  cmined  cleeyes,  can  giTe  you  perfect  Jet ; 
And  upon  Huntcliff  Nab  you  everywhere  may  find 
(As  though  nice  Nature  loVd  to  vary  in  this  kind) 
Stones  of  a  Spherick  forme  of  sundry  Mickles  framed. 
That  well  they  Globes  of  stone,  or  bullets  might  be  nam'd, 
For  any  Ordnance  fit ;  which  broke  with  Hammer's  blowes, 
Doe  headlesse  Snakes  of  stone  within  their  Bounds  enclose." 

These  nodules  were  subsequently  a  stumbling-block  to  early  specu- 
lators, who  cited  them  as  proving  the  Ammonite  to  be  a  lusus  naturtp, 
since  no  animal  could  penetrate  so  hard  a  stone  ! 

We  do  not  perceive  in  the  series  of  beds  thus  indicated  that  uni- 
formity of  distinct  features  that  would  justify  their  being  united 
into  one  zone  and  separated  from  that  below  on  purely  lithological 
grounds.  Indeed  those  who  limit  themselves  entirely  to  arguments 
derived  from  the  latter  would  actually  draw  the  line  between  the 
Lower  and  Middle  Lias  through  the  very  midst  of  this  series.    Un- 
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doubtedly  the  change  in  lithological  character  is  nearly  as  marked 
here  as  anywhere  in  the  lias  ti^roughout  the  Yorkshire  area ;  but 
when  we  turn  to  the  palaeontology,  as  we  are  bound  to  do,  no  change 
iB  perceptible,  but  we  are  forced,  if  we  value  this  evidence  at  all,  to 
unite  them  into  one  zone,  which,  though  varying,  has  still  some 
general  characteristics  even  from  a  lithological  point  of  view — though 
the  passages  from  the  laminated  shale  of  the  ./ant^ont-beds  to  the 
marly  shales  of  the  capricomua-beda,  and  those  from  the  latter  to 
the  sandstone  series  of  the  margaritattts-honzoUy  are  so  gradual  that 
it  is  impossible  to  determine  the  limits  of  the  capricomus-heda  upon 
the  lithology  alone.  The  range  of  the  characteristic  Ammonite,  how- 
ever, accords  very  well  with  the  differences  in  mineral  condition 
that  we  have  pointed  out. 

Thickness, — ^There  are  four  sections  on  the  Yorkshire  coast  which 
exhibit  the  full  thickness  of  the  cajpricomus-beda  ;  and  though  we 
have  not  been  enabled  in  each  case  to  measure  bed  by  bed,  yet  we 
offer  with  some  confidence  the  following  thicknesses  for  each : — 

Bohin  BoocTs  Bay,  North  Cheek. — ^Hard,  sandy,  and  marly  shales, 
interspersed  with  sh'ong  oyster-bands,  and  forming  strong  rock-beds, 
60  feet ;  blue  sandy  shales  becoming  more  argillaceous  towards  the 
base,  with  scattered  rows  of  doggers  and  nodules  containing  A,  capri- 
comus  and  A.fimhriatus  near  the  bottom,  64  feet :  total  124  feet. 

Bockcliff, — Ammonites  eaprieomus  occurs  in  marly  sandstone  145 
feet  below  the  base  of  the  Upper  lias  ;  and  A.  Jlmhriatus,  which 
never  descends  below  the  base  of  the  capiicomus-hedB,  is  found  at 
a  depth  of  290  feet  from  the  top  of  the  Middle  lias ;  the  intervening 
strata  measure  therefore  145  feet. 

Huntcliff. — Similar  measures  at  this  section  give  160  feet  for  this 
group. 

Coatlvam  Scars,  Redcar, — The  flat  expanse  of  rocks  exposed  at 
low  water  consist  of  the  lower  and  middle  beds  of  the  Middle  Lias  ; 
these  have  a  dip  of  10°  ;  and  the  ccrp^^ornws-shales  and  marls  have 
a  breadth  of  not  more  than  630  feet,  corresponding  to  a  thickness  of 
115  feet. 

These  several  measures  indicate  a  remarkable  variation  in  the 
thickness  of  the  capricomus-heid^ ;  but  their  attenuation  in  a  south- 
easterly line  from  Huntcliff  is  a  phenomenon  in  which  the  greater 
portion  of  the  Middle  Lias  takes  part,  and  one  which  is  also  exhi- 
bited in  a  south-westerly  direction  from  the  same  point.  The 
mineral  condition,  however,  presents  very  little  variation,  as  the 
detailed  sections  hereafter  given  show.  • 

The  copricomt/^-beds  occupy  positions  on  the  coast  which  render 
them  well  situated  for  study,  and  make  them  attractive.  Thus  they 
run  out  boldly  into  the  sea  at  the  north  of  Robin  Hood's  Bay ;  they 
form  the  base  of  the  fine  precipice  of  Huntcliff,  as  we  walk  east  from 
Saltbum ;  and  they  run  out  in  large  flat  scars  near  the  picturesque 
village  of  Staithes.  We  proceed  to  give  the  details  of  the  sections 
that  may  be  observed  at  these  localities. 
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Typical  SscnoKs. 
Section  of  capricomu8-&^«y  North  Cheeky  Robin  ffoocTs  Bay. 


No. 

lithology. 

Thick- 
ness. 

Fossils. 

1. 

2. 
3. 

4. 
6. 

6. 
7. 
8. 
9. 

10. 

11. 
12. 

la 

14, 

15. 

16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 

?4 

ft.  in. 
4    8 
0    8 
0    5 

Ammonites  margaritatus, 
Protocardimn  truncatmn. 

Stronir  iroDBtone  doflreer   

Dark  sueokled  shale    

Base  of  margaritahu-heidA, 

Series  of  thin  oyster-bands  with 

marked 
Hard  speckled  shales    

4    5 

4    8 
0    6 

8    6 

0  10 

1  4 
0    4 

7  4 

0  10 

3  6 

1  8 
0    5 

4  9 

4  6 

5  0 

11    0 
0    2 

2  10 
0    8 

15    6 
0    6 

8  4 
4-6  in. 

5  0 
0    3 
4    6 

0    5 

6  0 
0    6 

11    0 

Gryphaa  cymbium,  yar.  de- 
pregaa. 

Wood. 

Gryphaa  cymbium.  Tar.  de- 
pressa, 

presta. 

[pressa. 
Gryphaa  cymbiumt  var.  de- 

A,  capricomus,  Pholadomya 
Beyrichii, 

A.  capricoimus. 

White  hardened  band  (conspicu- 
ous at  Castle  Chamber). 
Sro^ni  sneckly  shales.. **«t... ...... 

Sandy  laminated  rock,  oysters  at 

the  base,  10-12  in. 
Brown  speckly  shales 

Sandy  variable  bands,  occasional 

patches  of  oysters. 
Brown  speckly  shales  with  large 

doggers  irregularly  scattered. 
ThiTi  liuininjii'An  shalc 

Oyster-bed  (the  lowest) 

Hard  whitish  slippery  shales  ... 
Irregular  white  doggers. 

Similftr  shales .......-- 

Irregular  white  doggers. 
Similar  shale  ,.r ..t 

Irreeular  bands  of  white  doggers. 
Simuar  shales 

Sm^l  round  nodules  ...... ..rT■^-... 

Darker  shales  still  hard 

Strom?  ironstone  doffser    

i 

Bluish  hard  ftaridy  anAlA    , 

Ironstone  dogger,  6-8  in. 

Similar  shale .,.-, 

Ironstone  dofTtrer 

A.  capricomuM,  Modiola  seal- 
prum. 

%5 

Thin  lenticular  dogger 

Monotis  inaquivalvis. 

A.  capricomus,    Inoceramus 

ventricomM,  Modiola  numis^ 

malis. 
A,  capricomvs. 

?6 

^imiljir  shale  . 

27. 
28. 
29. 
30 

Ironstone  dogger,  5- 10  in 

Whitish  crumbly  hard  shale 

Dogger    

Shale   

Irregular  dogger    

1 

. 

1 

Carried  forward  

114    6 

1 

92 


THE  TOKKBHTT.B  LIAK. 


Section  of  o&^^ncoTnuB'beds,  North  Cheeky  Robin  Hood's  Bay 
(continaed). 


No. 

lithology. 

Thick- 
ness. 

f 
Fossils.                   i 

i 

81. 
82. 
33. 

Broiufht  forwftrd 

ft.  in. 
114    6 
4    0 
0    3 
6    3 

1 

Shale   

A,  fimbriaius. 

Brown  bard  band  of  shale    

^e    

i 

124    0 

Variable  dogger 

2    6 
13    6 

1 

Sbale  with  indurated  bands  and 
doggers 

A,  atritvtus.                             ' 

1 

The  eopricomuA-beds  in  Robin  Hood's  Bay  only  extend  for  a  short 
distance  along  the  shore,  crossing  it  in  an  oblique  direction.  At  the 
north  comer,  the  rocks  that  run  out  into  the  sea  are  the  highest  of 
the  oTprtcomti^-beds.  There  is  a  hollow  worn  in  the  cliff,  called 
Castle-chamber,  the  floor  of  which  is  nearly  the  lowest  of  the  tnarga- 
ritutus-zone ;  the  next  hard  band  is  the  highest  of  the  capricomus- 
shales.  The  beds  are  here  gradually  rising ;  and  the  lines  of  nodules 
cross  the  scar  consecutively.  The  intervening  shales  are  worn  into 
domes  ;  and  the  scattered  nodules  in  them  contain  the  characteristic 
Ammonite.  A  little  further  to  the  south  all  the  series  may  be  seen 
in  the  diff,  where  the  uppermost  oyster-bed  and  many  regular  rows 
of  doggers  are  very  conspicuous,  and  below  these  again  lies  the 
JimhriatiLS-hQ^,  while  the  ./awi^sont-beds  are  reached  some  short 
distance  from  the  bottom. 


Huntcliff  {West   End).      Section  of  the  Junction-beds   between  the 
Zones  o/ Ammonites  Jamesoni  and  A.  capricomus. 


No.  I 


Litliology. 


-I- 


Thick- 
ness. 


Fossils. 


Greenish  sandy  beds 

Blue  hard  shale  in  blocks  and 

bands  of  doggers    i 

Blue  hard  shale  in  thick  blocks 


Dogger  band  ; 

Blue  hard  shale  in  lar^  blocksj 
with  bauds  of  greenish  shalv. 
sandstone.  Badiated  crystals 
of  seienite  in  the  partings         ! 


ft.  in.  I 


30    0 


Ammonites     hybrida,     Leda^ 

graphica^  Limea  acttficosfa,, 

Monotis  ifupquivnjvis. 

I  Chcmnitzia  BlainvWei.  , 

10    0  j  A.  fimbriatus^  A.  capricomus,, 

BeUmnites  c.'ava/us,  MoiioA 

I      (is    in<fqufvalvis,   Inocera-l 

I      mus  vfntricomi9,  Lima  Eu-\ 

I      char  in,  L .  Hermann  i,  Pecftn] 

luntd^irts.    P,    (pqniraHs} 

RhynchoneL'o  fetrahedra.    I 
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HunicUff  {West  End).     Section  of  the  Junction-beds  between  the 
Zones  of  Ammonites  Jamesoni  and  A.  caprioornus  (continued). 


No. 

3. 
4. 

5. 

6. 
7. 

8. 

9. 

i 

i 
i 

Lithologj. 

Thick- 
ness. 

Fossils. 

limestone. 
Ghrerish  blue  hard  shale  in  thick 
blocks,  somewhat  sandy. 

Nodular  bank  of  brown  argilla- 

cous  limestone. 
Gkrejish  blue  sandy  shale  

ft.  in. 
0    6 

6    4 

0    5 

6    3 
0  10 

9    0 

/ 

0  10 

A.  capricomus,  BelemnUes 
clavatus,  Inoceramus  ven- 
tricosus, 

Pecten  lunularis. 

P.  mq^iivaltrU, 

A,  fimbriatus.  A,  capricomua, 
Bdemnites  clavatuSf  B.  ele- 

Fholadamya  Beyrichi,  Pecten 
priscus. 

Belemnites  clavatus,  Inocera- 
mm  veiUricoms, 

Double  bed  of  argiUaoeous  lime- 
stone    in     irregular     broken 
masses. 

Blue  shales 

DIl^A  .killA 

Lenticular  doggers  occasionally. 
Blu9ffhs1f»  ..... 

Lenticular  argillaceous  limestone 
masses,  ana  globular  doggers ; 
oone-in-cone  structure  atop  in 
places. 

beds. 

Blue  shale  

15    0 

0    5 

5  9 

0    4 

6  0 
0    6 

.  4    9 

0    5 

7  8 
0    5 

Chtmnitzia  BlainvUleif   Ac- 

taonina  marginata. 
BeUmnites  elegans,  wood. 
ChemnUzia  BlainmlUi. 
Pecten    (gquivalvis,    Ditrypa 

Pecten  pridcua. 

Wood. 

Belemnifee  and  wood. 

Chemnifzia  BUunvtllei^  Ac- 
t(tonina  marginata,  Grees- 
lya  ovata,  GerviUia  erosa. 

BeUmnites  eleaans,  Pecten 
priscua,  P.  lunularis.  Pit- 
catula  apinoM,  Ditrypa 
oircinata. 

Detached  doggers  at  a  depth  of 
of2ft.6in 

1 

Blueshale  

Largedepressed  irregular  doggers 
Blue  shale  

i 

i 

Argillaceous     limestone,     in    a 

broken  band  or  as  doggers. 
BIma  shfllft .., 

1 

1 

i 

i 

BliTshJe  .          ^        

Detached  doners  at  depths   of 
3  ft.  and  2ft.  4in 

Large    depressed    doggers   wide 
apart 

Blue  shale,  with  occasional  dog- 
gers  at  depth    of    3  ft.    and 
2ft.4in. 

Lenticular  doggers,  wide  apart. . . 
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HunteUff  {West  End),      Section  of  the  Junetionrbeds  between  the 
Zones  of  Ammonit^  Jamesoni  and  A.  capricomus  (continued). 


No. 

Lithology. 

Thick- 
nesB. 

Foesilfl. 

Blueahale  

ft.  in. 
6    0 
0    4 
5    0 

},0 

0    4 

Belemniies. 

A,    ttriatuA,  BelemniUs   ele- 

gam,  Pecten  priseus,  Pen- 

tacrintu, 
A.8triatus, 
A,  Jamesoni,  Pinna  folium, 

Ac 

LenfcicnlAr  doffgcir  .,,-,t .r 

Shale  .^. 

Scattered  dosrsera  

Bl  uo  nhale  .  r  r  - 1  -,,.,.  r .,.......-"  t  ^  - 

TrrMnilar  rlOflTffer 

Blue  shale  with  shell-maases 

The  upper  portion  of  the  capricomus-heda  is  here  inaccessible ;  but 
the  lower  parts  are  very  conveniently  situated  for  examination,  and 
form  the  upper  region  of  the  scars.  The  bed  No.  7  is  very  conspi- 
cuous, and  forms  a  good  line  to  measure  from ;  it  is  at  a  man's 
height  at  the  northern  comer  of  the  diff,  where  washed  by  the  tide. 
From  the  shale  immediately  below  it,  or,  rather,  from  a  soft  inter- 
vening brash,  have  been  obtained  all  the  Foraminifera  and  £nto- 
mostraca  quoted  from  the  locality.  We  have  given  a  view  of  the 
fine  diff  here  in  the  frontispiece,  which  is  taken  from  a  photograph. 
As  we  pass  along  the  coast  towards  Skinningrove  we  find  the  upper 
beds  coming  down  one  by  one ;  and  each  runs  out  obliquely  towcurds 
the  sea,  giving  rise  to  scar  after  scar,  which  may  be  examined  for 
fossils.  There  is  some  little  difficulty,  however,  in  tracing  them  into 
the  cliff  until  we  come  to  Hummersca ;  so  that  instead  of  combining 
the  two  sections,  we  prefer  to  give  that  at  the  latter  place  by  itself. 

Hummersea,  near  Skinningrove,     Section  of  the  upper  part  of  the 
capricomus- 6ecfe. 


No. 

Lithology. 

Thick- 
ness. 

Fossils. 

1. 

Blue  flasgy  calciferouB  sandstone, 

very  lossiliferous. 
Blue  calciferous  sandstone. 

ft.  in. 
1     5 

0    5 

Ammonites  margarifafm, 
Dcntalium  giganteum,  &c. 

Base  of  the  margaritaiti&-h^%. 

Marly    sandstone,     gypsum     in 
the  joints. 

4    3 

A.  capricomus,  Pecten  erqui- 
vatvis,  Gryphaa  cymbiu?n, 
Protocardium  truncatum, 
RhynchoneUa  cakicosta, 
Difrgpa  circinata. 

Carried  forward , 

4    3 
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Hummenea^  near  SJcinningrove.     Section  of  the  upper  part  of  the 
aapncorDua-bedt  (continued). 


I  No. 


Lithology. 


Thick- 
ness. 


Fossils. 


2. 
3. 

4. 

i  5. 


6. 
7. 

8. 

9. 
10. 
11. 

12. 
13. 
14. 
16. 
16. 
17. 


20. 


21. 


22. 
23. 
24. 

25. 


Brought  forward 

Sandstone,  gypsum  in  the  joints 

Caldferons  sandstone,  ditto 

Sand  J  marls,  ditto 

Bluish-brown,  fine-grained  argil- 
laceous limestone,  in  the  form 
of  lenticular  nodules. 

Marly  sandstone 

Soft  sandstone  with  oysters  at  the 
base. 

Mottled  sandy  marb 

Denser  ditto  

Mottled  sandy  marls 

Brown  compact  argillaceous  lime- 
stone doggers. 

Mottled  sandy  marls 

Blue  flaggy  sandstone    

Sandy-l»d  

Oyster-band    

^ird  sandy  band  

Oyster-bed,  usually  a  hard  ferro- 
argillaoeouB  matrix,  sometimes 
a  reddish-yellow  sandstone. 


Sandy  shale. . 
Oyster-band 


Sandy  shale.. 


Dark  blue  to  brown  ferro-ar^- 

laceous  limestone,  weathering 

red. 

Bluish-grey  sandy  marl    

Shell-bed 

Bluish-grey  sandy  marl,  detached 

doggers. 
Marly  shale  with  occcasional  cal- 

ciferous  sandstone  masses. 
Sandstone  parting. 

Grey  marly  shale. 


ft.  in. 
4  3 
1  7 
0    3 


4- 

1 
0 
0 

1 


5  9 

1  3 

11  0 

2  0 
4  0 
0  4i 


0    3 


0    6 
0    6 


2    0 


0    4 


0  7 
0  1 
3    0 


Peden  ttquivalvis. 


Pleuromym, 


A,  capricomus,  Pecten  amti- 
vatviSf  P.  suhatriatits.  Pro- 
tocardiumtruncatum^  Mo» 
notis  itkpquivalvis  (c),  LeeUt 
minor,  Gryphtea  cymbiumt 

BUrypa  b-mUcata,  Opkio- 
derma  Milleri. 

Belemnites  elegans,  Grypkaa 
cymbium,  Pecten  (gquiwU- 
vis,  P.  substriafus,  Monotia 
inttquivalvU,  Rhynchonella 
calctcosta. 

A.  capricomuSf  Bel.  hrety\for- 
misy  Grypkaa  ctfmbium, 
Pholadomya  amhigua,  Mo- 
dida  scalprum. 

Greelya  ovata. 


Pholadomya  ambigua, 
Belemnites  ehngatus,    Gry- 
phaa  cymbium. 


\ 


o    Q  !  Pecttn   oquivalvtB,    P,   9ulh\ 
>   ^    "^  \      striatus,  I 

;  Gresdya  ovata,  RhynchoneJla\ 
calctcosta,  \ 


Carried  forward  50    6il 
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Hummerseay  near  Shinningrove.     Section  of  the  upper  part  of  the 
capricomuB-5^  (continued). 


No. 

Lithology. 

Thick- 
ness. 

FossiU. 

26. 
27. 

Brought  forward 

ft.   in. 

50    6i 

5    8 

3    0 

Grey  marly  shale  with  three  rows 
of  blue  hard  argillaoeouB  lime- 
stone doggers. 

Bluish  shale  with  roundish  no- 
dules. 
Base  of  cliff,  high-water  mark. 

A.  capricamus,  Bdemnites 
olavattu,  B.  elegant,  Ac- 
tmonina  marginata,  Chem- 
nUzia  BUnnviUei,  Proto- 
cardium  truncatum,  Pecten 
o^ivalviSyLimaHermanni, 
Ltmca  acuiicosta,  Monotis 
ituequivaluis,  Gervillia  ero- 
sa,  Hiwpopodium  pondero- 
sum,  hhynchonelta  cold- 
casta, 

A.  capricomus,  Pecten  aqui- 
vafviSf  RhynchoneUa, 

Total  thickness    

59    2i 

In  the  scars  corresponding  to  these  various  beds  Ammonites  Jim- 
hriatus  occurs  both  towards  the  top  and  towards  the  bottom ;  but 
the  corresponding  bed  in  the  section  being  doubtful,  we  omit  it  from 
the  lists  Uience  obtained.  Although  we  cannot  with  absolute  cer- 
tainty correlate  these  beds  with  those  at  Huntcliff,  yet  by  tracing  as 
well  as  may  be  each  bed  along  the  cliff,  and  estimating  the  thickness, 
we  can  assure  ourselves  that  no  part  of  the  one  corresponds  to  any 
part  of  the  other,  but  rather  that  there  is  an  intervening  series  of 
about  45  feet.  In  the  following  section  further  east,  at  Colbum 
Nab,  where  a  good  succession  may  be  traced  in  the  cliff-face,  we 
find  no  detailed,  though  a  general,  similarity  with  the  above  series ; 
the  whole,  however,  is  more  arenaceous,  and  is  characterized  by  the 
abundance  of  the  remains  of  star-fishes. 


Colbum  Nab,  Staithes. 


Section  oftJui  upper  part  of  the  capricomus- 
beds. 


No. 


Lithology. 


:    Thick- 
i     ness. 


Marl^  sandstone    

Qreyish    sandstone    with    black 
stains. 

Marly  sandstone , 

Greenish-grey  sandstone  , 

Green  sandstone  with    reddish- 
coloured  patches. 
Hard  sandstone 


ft.  in. 


1    6 


Fossils. 
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ColhumNaby  StaitJus, 


Section  of  the  Upper  Part  of  the  capriooruus- 
heds  (continued). 


I  No. 


10. 


11 

12. 
13. 

14. 


Lithology. 


Greenish-grey  sandstone  

Grey  calciferous  sandstone   . . . 

Grey  softish  sandstone 

False-bedded    flaggy  caldferous 

sandstone  in  two  olocks. 
Blue  hard  calciferous  sandstone 

weathering  grey. 


Thick- 
ne&s. 


ft.  in. 
1     7 

1  0 
0  U 

2  0 

0    6 


Fossils. 


Vtcten  lunularis,  Protocar 
dium  trunccUum^  Rhyncho- 
nella  calcicosta. 


Assumed  base  of  the  margaritatus' 
beds. 


Ck>mpact  sandy  marl,  layer  of 
oyster  at  the  top. 

Compact  sandy  marl 

Grey  friable  sandy  marls , 

Grey  soft  sandstone  in  block,  oys- 
ter on  under  surface. 

Sandy  shale 

Indurated  sandstone 

Grey  marl  , 

Hard   sandstone,  slightly  calca- 


2    0 


2    3 

0    Oi 


Bluish  marl     

Grey      argillaceous      sandstone, 

striped    with    thin   bands  of 

whitish  sandstone  in  the  lower 

part. 

Layer  of  oysters 

Grey  sandy  marls  with  detached 

nodules    

Dogger  band  of  argillaceous  lime- 1 

stone.  I 

Grey  marly  sbale  with  thin  bandsl 

of  oyster. 

Oyster-band    ...» I 

Grey  marly  shales,  layer  of  oys-j 

ters  and  scattered  doggers. 
Oyster-band  in  ferro-argillaceous 

matrix,  weathering  r«i. 


Grey  shale  

Dogger-band  

Grey  marly  shale  with  oysters, 

Impure  calcareous  rock 

Grey  shales  and  doggers. 


6     2 
3    U 


3  4 

tu4 
5    8 

0    4 

4  2 

0    8 


0  9 

0  4 

G  4 

0  5 


Starfish-beds. 


Limea  acuticosta. 

Scattered   oysters  (6r.  ct/vi- 

bium\  wood. 
Base  of  cliff  washed  at  high 

tides. 

Ammonites  capricornus^  Pro- 
tocar dium  tritncatum,  Pec- 
ten  (eqvivalvis,P.  lunularis^ 
Avicula  IrKBguifalvis. 

Pecten  aquivalvis. 


A.  capricomus,  Eucyclus  un- 
dulalus,  Leda  minor ^  Ger- 
villiaerosa,  Pecten  aubsfria- 
tus,  Avicula  inaquivalvia^ 
Limea  acuticosta,  Ehyn 
chonella  calcicosta.. 
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The  underlying  shales  with  rows  of  dt^gers  may  successively  be 
examined  as  they  rise  into  the  sear-clifiOs,  proceeding  in  a  general 
north-westerly  direction  along  the  shore.  At  Bed  Nab  an  oolitic 
ironstone  8  or  9  inches  in  thickness  is  situated  at  a  depth  of  about 
50  feet  in  the  caprkomus-hedB.  On  the  shore  opposite  the  summer- 
house  on  the  edge  of  the  cliff  at  Boulby  village  is  a  row  of  nodules, 
containing  Ammonites  Jimbriatus,  seaward  of  which  are  the  Jatnesoni- 
shales.  There  is  also  a  band  about  14  feet  above  this,  containing 
A,  fimhriattis.  In  the  Boulby  cliffs,  the  capricomus-heda  attain 
their  greatest  elevation,  the  base  being  about  40  feet  above  high, 
water  mark. 

From  Eockdiff  to  Hummersea  the  line  of  section  is  oblique  to  the 
south-easterly  dip  of  the  beds ;  so  that  there  is  a  steady  decline  of  the 
strata  in  this  direction,  and  at  the  latter  place  the  top  beds  only  of 
the  series  are  visible.  For  a  similar  reason  they  rise  toward  Hunt- 
diff,  where  they  occupy  the  larger  portion  of  the  cliff- face,  but  do  not 
attain  to  so  great  an  elevation  as  at  Rockcliff — and  again  decline  to- 
wards Saltbum,  before  reaching  which  place  they  are  covered  up  by 
Boulder-day.  At  Huntcliff  there  is  another  bed  containing  A.Jtm- 
bi  iatuSy  which  is  at  the  base  of  the  first  corner ;  and  this  is  the  base 
of  the  series. 

The  section  of  the  Coatham  Scars  is  very  rarely  in  a  condition 
favourable  for  examination,  and  when  at  its  best  offers  little  in- 
ducement for  dose  study.  The  succession  of  the  beds  is  indicated 
in  the  general  section  of  these  rocks,  p.  84. 

OlHEB  SeCTIOITS  Ain)  EXPOSXTBES  ALONG  THE  LlASSIC  EsCABPMEKT. 

Copricomws-shales  are  seen  on  the  banks  of  Rousby  Beck,  near  to 
its  junction  with  Easington  Beck ;  thence  along  the  course  of  the 
united  streams,  now  called  Staithes  Beck,  to  the  sea  are  numerous 
exposures  of  the  upper  part  of  this  series. 

From  Huntcliff  the  capncomus-heds  trend  inland  with  the  sweep 
of  the  hill  country,  occupying  a  belt  towards  the  base  of  the  slopes, 
which  is  very  generally  covered  with  pasturage  and  more  or  less 
encumbered  with  Bouldor-clay  and  talus  from  the  higher  grounds. 
The  exposures  present  little  of  interest  beyond  the  slight  aid  they 
afford  in  drawing  the  boundary  between  the  Middle  and  Lower  Lias. 

Black  micaceous  shales  at  an  elevation  of  300-275  feet  in  Ycarley 
Wood  may  belong  here ;  and  the  oyster-bands  in  the  upper  part  of 
the  series  are  cut  through  by  the  incline  of  the  railway  from  Kirk- 
leatham  Mines.  The  so-called  "  Sandstone  Quarry,"  in  Scarth 
Bank,  Wilton,  exhibits  a  thickness  of  about  25  feet  of  micaceous, 
sandy,  and  marly  shales  with  two  rows  of  ironstone  nodules :  no 
fossils  were  observed ;  but  the  beds  may  belong  to  the  lower  part  of 
this  horizon. 

The  railway- cutting  to  the  east  of  Belman-Bank  Farm,  Guis- 
borough,  exhibits  a  considerable  section,  comprising  compact  shale, 
with  layers  of  Oryphcea  cymhium^  14  inches,  underlain  by  pepper- 
and-salt-coloured  shaly  marls,  strongly  jointed  into  rhomboidal 
masses,  which  contain   Amm4>nites  capricornus.     Similar  beds  are 
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ezpoeed  on  the  incline  ascending  to  the  Behnan-Bank  Ironstone 
Mines. 

Black  shales  are  exposed  along  the  sides  of  the  bridle-road  which 
leads  up  to  High  Cliff  from  Hutton  Hall.  Sandy  shales  with  dog- 
gers are  seen  forming  the  north  slope  of  the  tabulated  hill  between 
Hutton  and  PinchintJborpe.  Shales  with  concretionary  balls  occur 
on  the  north-west  front  of  Boseberry.  These  exposures  are  probably 
of  the  capricomua-  or  JamesonireeirieB. 

The  mural  faces  of  the  Langbarugh  basaltic  quarry  are  constituted 
of  indurated  sandy  shales,  wbach  may  belong  to  this  horizon.  The 
fossils  obserred  are  Feetm  cBquivcdvis,  P.  lunutaris,  Limea  acuticotta, 
and  Chresdya,  sp. 

The  barJu  of  the  river  Leven,  between  Easby  and  Kildale,  afford 
yery  good  sections  of  the  Middle  lias  from  the  horizon  of  Ammonites 
Jamssoni^  to  the  hard  bands  of  the  mar^rttoha-series.  In  the  bank 
of  the  Old  Milly  below  Bleach-Mill  Farm,  there  are  displayed  hard 
shales  with  spherical  nodules  of  ferruginous  Umestone,  and  a  band 
5  inches  thick  of  an  oolitic  ironstone,  having  the  same  characters  as, 
but  thinner  than,  the  ironstone-band  in  the  capricomus-hedB  at  Bed 
Nab,  Staithes,  and  Huntdiff.  We  have  collected  here  Ammonites 
capricomuSf  Modida  numismalist  and  Belemnites  degans. 

What  appear  to  be  caprieomuS'ShBles  are  exposed  in  the  road 
leadiQg  from  Borrowby  iato  Basedale.  But  along  the  bold  escarp- 
ment by  Cringley  and  Carlton  Moors,  full  sections  of  the  upper  part 
of  the  Middle  Lias  occur,  especially  at  Halliday  Slack  and  Little 
Bonny  Cliff.  In  no  case  have  we  obtained  paLeontological  evidence 
of  the  age  of  the  shales  containing  ironstone-balls  and  doggers, 
which  occupy  so  conspicuous  a  place  in  these  sections ;  but  their  sub- 
ordinate position  to  the  fossiliferous  flagstones  of  margaritatus-heda^ 
and  their  lithological  character,  justify  us  in  assigning  them  to  the 
eapricomus-Benea.  For  the  same  reasons  we  refer  to  it  the  thin 
ai^fillaceous  sandstones  and  sandy  marls  with  Modiola  scalprum,  cut 
through  by  the  railroad  between  Swainby  and  Potto,  and  the  greyish 
sandy  shales  of  Potto  Hill.  In  Swainby  Beck,  above  Swainby  Mill, 
a  limited  section  is  exhibited  of  similar  strata ;  it  is  as  follows  : — 

Ironstone  dogger,  sandy  shales  4  inches ;  shales  with  sandy  lumps, 
12  feet,  containing  Myoconcha  decorata  and  Modiola  scalprum; 
ahaly  sandstone  3  inches,  with  OresslycB  and  Belemnites ;  and  sandy 
shales  with  Modiola  scalprum. 

The  Cod  beck  at  Osmotherley  affords  sections  of  marly  shales  with 
rows  ci  nodular  Umestone  referable  to  this  group  of  strata,  but  too 
detached  to  throw  much  light  upon  the  general  characteristics  of  the 
Middle  lias  in  this  area. 

In  the  side  of  the  stream,  by  a  wood  near  Crake  Bank,  Thorn- 
borough,  are  some  hard  sandy  shales  dipping  west.  No  fossils  are 
seen  in  them ;  and  it  cannot  be  determined  to  what  zone  they  belong, 
except  that  lithologically  they  are  undoubtedly  Middle  Lias,  and 
from  their  position  and  character  most  probably  belong  to  this  por- 
tion of  it.  This  is  a  solitary  exposure  over  miles  of  warp-covered 
country. 

h2 
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Flags  of  the  oyster-bands  are  found  in  the  neighbourhood  of 
Easingwold. 

EXPOSUBBS  WITHIN  THE  LlASSIC  InLIEBB. 

Westerdale. — The  bottom  lands  in  this  dale  are  chiefly  based  on 
the  margaritcOus-'bQ^  ;  but  the  deep  cutting  made  by  the  Esk  near 
the  Tillage  of  Westerdale  reveals  marly  shales  with  doggers,  upon 
which  repose  the  flaggy  sandstones  of  the  margaritatus-hodA ;  these 
may  be  regarded  as  belonging  to  the  horizon  now  under  review. 

DanhydaU. — Stratigraphically  the  deepest  part  of  this  valley  is 
that  of  the  stream-course,  commencing  by  the  church,  and  thence 
southward  for  a  mile,  which  doubtless  is  occupied  by  the  capri- 
comiM-beds ;  in  fact,  a  section  of  them  is  well  displayed  in  a  deep 
stream-cutting  entering  from  the  east  about  half  a  mile  above  the 
church,  where  a  considerable  thickness  of  shales  is  seen  dipping  N.  W. 
and  overlain  by  the  sandstone  of  the  mar^artto ^t«-8eries. 

The  Valley  of  the  Esh^  commencing  at  about  a  mile  below 
Gbrosmont,  is  excavated  for  about  two  miles  in  the  capricomus- 
shales. 

BilsdaU. — ^We  have  already  indicated  the  existence  of  the 
Jamesoni-heda  in  this  dale,  above  the  cliff  exposing  them  near 
Chopgate.  There  is  a  broken  road  leading  up  to  the  jet-holes  from 
Esk  House.  In  this  road  the  whole  Middle  lias  series  above  the 
Jamesoni'heds  is  passed  over ;  and  though  the  section  is  too  irregular 
for  accurate  measurements,  many  of  the  different  beds  are  exposed, 
and  their  fossils  may  be  collected.  The  whole  thickness  seen  is  300 
feet ;  of  these  25  feet  may  belong  to  spinatus-hoda,  120  feet  (?),  or 
less,  to  the  margaritatus-hedB,  and  266  feet  to  the  capricomus-shBlea 
&c.,  containing  Pecten  suhstriatus,  Limea  acuticosta,  Pholadomya 
ambigua,  Chtmnitzia  BlainviU^i,  Hhynchonella  tetrahedra  (?),  and 
consisting  of  sandy  shale  with  occasional  patches  of  Gryplicea  cym- 
hiunty  var.  depressa.  Further  to  the  south,  near  a  house  called 
Crookleth,  is  a  cliff  which,  from  its  depth,  agrees  in  position  with 
this  zone,  and  contains  Pecten  substriatiis,  Beleinnitts  clavatus,  Limea 
acuticosta,  and  Leda  galaihea,  Capri comus -beds ,  therefore,  occupy 
a  considerable  portion  of  the  lowlands  of  the  dale  towards  its  central 
part,  though  its  exposures  are  not  numerous. 

Raisdah. — Sandy  shales  and  soft  shales  with  doggers,  belonging 
either  to  the  capricomus-  or  the  ./amesom-beds,  or  both,  are  exposed 
in  the  lower  part  of  the  stream-course  which  joins  Raisdale  Beck 
on  the  west,  at  Low  Crosslets ;  and  there  is  a  pretty  considerable 
section  of  marls  beneath  the  margaritatus-BB.nd&ione&  in  Great  Gill, 
another  affluent  of  Raisdale  Beck. 

Bransdale. — The  level  of  the  cflrpWromws-series  is  possibly  reached 
in  the  central  and  depressed  part  of  this  dale ;  but  the  area,  if  any, 
must  be  very  small. 

Famdah, — The  lowest  beds  cropping  to  the  surface  in  this  vale 
are  those  of  the  capricomus-zone,  which  are  exposed  in  the  banks  of 
the  river  Dove  at  Low  Mill,  their  most  southerly  extension,  and 
northward  to  beyond  Church  House,  up  West  Famdale,  in  which,  at 
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Mason  House,  is  a  good  section,  showing  about  20  feet  of  hard  sand- 
stone with  oyster-bands,  30  feetof  softer  shales,  and  20  feet  or  more 
of  harder  shale  with  doggers. 

.PALiEONTOLOGY. 

The  total  number  of  species  r&eorded  for  this  zone  is  64,  the  bulk 
of  which  belong,  some  to  the  ovevlyii^  u^^  others  to  the  underlying 
zone.  The  chief  characteristics  of  Ibe  /duna  ace,  its  peculiar  Ammo- 
nites and  the  great  variety  of  the  8tarfifih**8ra4.Ht>rittlestars.  The 
restricted  species  embrace  most  of  the  above;  auH.to  these  must  be 
added  Pleurotomaria  foveolata  and  Pholadomya  AyricKi.  /Ettq/cliu 
undtiUUus,  Anomia  numismalis,  Inoceramus  ventricosus,  aUd*  ffefv^a 
erosa  are  rarely  met  with  beyond  the  confines  of  the  zone,' wi^i>  : 
which  they  are  tolerably  abundant.  '  '  * 

The  chief  repositories  of  the  mollusks  are  the  limestone-bands  with 
oysters,  and  of  the  echinodcrms  the  overlying  sandy  beds,  near  to 
the  top  of  the  series.  We  have  also  collected  largely  from  the  mass 
of  the  shales  and  from  the  hard  doggers  (which  occasionally  yield 
fossils)  throughout  the  rest  of  the  zone. 

It  will  be  observed,  from  the  names  of  the  localities  in  Part  II.,  that 
very  few  fossils  of  this  series  have  been  collected  inland,  and  at  only 
a  few  places. 

The  crumbling  of  the  marl  or  shale  from  the  face  of  an  inland 
diff  or  bank  destroys  to  a  considerable  extent  the  impressions  of 
fossils,  to  which  circumstance  we  might  attribute  their  absence  at 
these  places ;  but  the  hard  fossiliferous  bands  appear  to  be  absent  in 
the  attenuated  sections  of  this  zone,  and  we  incline  to  the  opinion 
that  concurrent  therewith  there  is  a  paucity  of  life. 

List  of  Fossils  from  the  Zo)ie  of  A.  capricomus. 

Ichthyoflaurus,  sp.  Limea  acutiooBta. 

PlesioflauruB,  sp.  Plicatula  spinosa. 

AmmoniteB  capricoraus.  Monotis  inaequiTalyiB. 

defoBsuB.  calva. 

fimbriatuB.  Gervillia  eroaa. 

BulnrmatiiB.  Inooeramus  ventricoBus. 

Henleji.  Bubstriatua. 

Bechei.  Modiola  Bcalprum. 

BelemniteB  dayatuB.  numisnialis. 

apidourratus.  ThioUieri. 

eleganB.  Ifacrodon  intermedius. 

Chemnitzia  Blainvillei.  Cucullsea  Miinsteri. 

dtharella.  Leda  galatbea. 

Eucjdus  undolatuB.  minor. 

Pleurotomaria  foveolata.  graphioa. 

Acteconina  marginata.  Protocardium  tnmcatum. 

ilminstrensiB.  Astarte  atriato-Bulcata. 

Gryphea  cymbium,  var.  depreBsa.  Hippopodium  pondoroBum. 

Anomia  numiBmalis.  Myoooncha  decorata. 

Pecten  calruB.  Pholadomya  ambigua. 

lunularia.  Beyridii. 

' BubfltriatiiB.  Pleuromya  orata. 

fequiTalyis.  oostata. 

lima  Hermanni.  Tbrada  Grotiana. 
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Bhynohonella  plioatisnina.  Laidia  Murohifloni. 

—  calcicofita.  Plumaster  ophiuroides. 

—  yariabilis.  Astropecten  Hasting. 

subserrata.  Ophioderma  MiUen. 

Bairdia  liassica.  --^—  Gayeyi. 

Cythere  crepidula.  ^  ^  - — J-  carinata. 

Ditrypa  ^uinquesulcata.  .^   * '.Opb^lepis  Murray i. 

oircinata.  ,   .*,    l*\^  ""• oouimba. 

Cidaris  Edwardsii.  ,-%  '.;•.  '     "   Pentaorinus  Milleri. 

Unuiter  carinatuB.    ,  .  •  •"   V  *            interbraohiatus. 

T7opida8terpecUi4V^,  * 
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CHAPTER  Xn. 

ZONE  OF  AMMONITES  MAB6ABITATU8. 

Tub  sections  we  have  described  as  typical  of  the  capricomus-heda 
are  equally  seryiceable  to  exemplify  the  lithological  and  palsontolo- 
gical  characteristics  of  the  zone  of  Ammonites  margaritatus.  In 
general  the  strata  consist  of  two  groups : — the  lower,  sandstones 
more  or  less  calcareous ;  and  the  upper,  shales  with  doggers  and 
ironstone-bands.  Like  the  underlying  series  the  margaritainm-heds 
diminish  in  thickness  in  all  directions  from  the  area  of  their  greatest 
development,  in  the  ciifiGs  between  Staithcs  and  Saltbum. 

The  lower  portion  of  the  niargaritatus-hedA  has  been  described  by 
Young  and  Bird,  imder  the  name  of  the  "  Staiths  beds,"  from 
the  circumstance  that  these  strata  rise  up  at  the  village  of  that 
name,  where,  too,  they  may  be  most  conveniently  studied.  This 
portion  consists  chiefly  of  various  beds  of  sandstone,  some  of  which 
are  thick  and  massive,  usually  false-bedded,  and  often  ripple-marked, 
others  more  argillaceous,  whilst  sbme  are  calciferous,  and  even 
acquire  the  nature  of  an  arenaceous  limestone.  The  more  calcareous 
beds  are  usually  crowded  with  the  shells;  and  layers  of  Proto^ 
cardia  and  oysters  between  some  of  the  sandstones  are  traceable  over 
wide  axea/L  The  thickness  of  these  rocks  is  as  much  as  50  feet  at 
Huntcli£f,  and  at  Hawsker  47  feet. 

The  upper  portion  consists  of  shales,  somewhat  sandy  and  mica- 
ceous below,  with  ironstone  seams  and  clay -ironstone  nodules  im- 
bedded in  them.  These  lithological  characteristics  are  continued 
into  the  overlying  palaeontological  group  of  Ammonites-spinatus 
beds,  which  in  certain  localities  are  so  connected  with  the  margari- 
iatui-zone  that,  in  the  absence  of  the  characteristic  organic  remains, 
separation  is  impossible.  They  will  be  described  more  in  detail 
under  the  head  of  the  iroustone-beds.  The  band  of  ironstone  known 
as  the  "  Bottom  seam  "  or  "  ^t/wnJa-seam  "  is  taken  as  the  top  bed 
of  the  series,  its  dominant  fossils  being  those  of  other  parts  of  the 
margarUatuS'^me^.  The  thickness  is  variable:  at  Hummersea 
these  rocks  measure  62  feet  in  thickness,  at  Staithes  66  feet,  and  at 
Hawsker  44. 

From  the  description  of  this  and  the  two  preceding  zones  it  will 
appear  that  we  may  briefly  divide  the  Middle  Lias,  as  regards  litho- 
logical features,  into  an  upper  argillaceous  series  with  ironstone- 
bands,  an  arenaceous  series  with  some  limestones,  and  a  lower  argil- 
laceous series  with  clay-ironstone  bands.     PhiUips  and  others  who 
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have  followed  this  classification  have,  as  before  stated,  included  the 
lower  argillaceous  series  (our  armatus-^  Jamesoni-,  and  capricomus 
(pars)-  zones)  in  the  Lower  Lias;  to  the  middle  portion  (oTHcajpri- 
comus  (pars)-  and  margaritutus-zoneQ)  they  have  given  the  name 
**  Marlstone  series,"  and  to  the  upper  (our  margaritatus  (pars)-  and 
spinatiLS-zonea)  the  name  "  Ironstone  series."  From  their  economic 
importance  it  will  be  of  advantage  to  study  these  latter  together ;  but 
to  the  term  "  Marlstone  series"  there  are  strong  objections,  which 
have  led  us  to  discard  its  use,  and  which  we  proceed  to  state. 

Inadrms^ibility  of  the  term  MarUtone, — Mr.  William  Smith  sub- 
divided the  Lias  into  Lower  Lias;  Marlstone,  and  Upper  lias ;  and 
subsequent  writers  have  adopted  these  terms  with  much  of  their 
original  significance  and  application.  It  was  in  fact  a  recognition 
that  the  middle  portion  of  the  Lias  contained  hard  stone  bands  ;  and 
thus  the  term  Marlstone  included  all  such.  In  cases  where  repre- 
sentatives of  the  uppermost  portion  only  occurred,  as  in  Warwickshire, 
Oxfordshire,  and  Northamptonshire,  the  term  would  naturally  be 
restricted  to  them ;  nevertheless  Phillips,  who,  from  his  connexion 
with  Smith,  must  be  regarded  as  at  that  time  his  interpreter,  dis- 
tinctly correlates,  in  his  'Geology  of  Yorkshire,'  the  "ironstone 
and  sandstone  strata  with  TerebrattH-ce,  Pectines,  Cardia,  Avicvlce,  &c." 
with  the  "  marlstone  of  Northamptonshire."  To  these  in  Yorkshire 
he  assigns  a  thickness  (obviously  underestimated)  of  150  feet.  In 
Gloucestershire  a  similar  series  occurs — ^namely,  an  upper  rock-bed 
from  10  to  20  feet  thick,  and  a  lower  series  of  sands  and  clays  with  their 
bands  of  calcareous  sandstones  and  ferruginous  nodules,  altogether 
attaining  a  thickness  of  about  150  feet,  which  are  all  included 
under  the  term  Marlstone  by  the  Geological  Survey  (Mem.  Geol. 
Surv.  sheet  44,  p.  18).  Again,  the  so-called  marlstone  of  Eadstock 
belongs  to  the  Jam^soni-series.  One  interpretation,  therefore,  of  the 
term  is  "  all  the  hard  beds  of  the  Middle  Lias."  The  most  constant 
member,  however,  of  this  series  is  the  rock-bed  at  the  top,  which  may 
be  traced  step  by  step  from  Cleveland  (where  it  forms  the  main  seam 
of  ironstone),  through  Oxfordshire,  to  the  vicinity  of  Bath  in  Glou- 
cestorshire.  In  some  parts  this  is  almost  the  only  hard  band,  e.  g, 
at  Banbury,  where  the  series  is  ferruginous  marlstone  12  feet, 
shales  and  thin  limestone  18  feet  (600816^8  *Geol.  of  Banbury,' 
p.  5).  From  this  circumstance  and  from  the  fact  that  Smith's 
original  terms  were  taken  from  these  more  attenuated  sections,  the 
term  marlstone  has  come  to  receive  a  second  interpretation,  *'  the 
hard  rock-bed,  often  an  ironstone,  at  the  top  of  the  Middle  Lias.'' 

Again,  in  Yorkshire,  where  these  hard  beds  are  most  fully  deve- 
loped and  it  becomes  obvious  that  two  divisions  must  be  made,  the 
term  marlstone  has  unfortunately  become  attached  to  the  lower  of 
them.  Thus  Prof.  Phillips,  changing  his  former  nomenclature, 
speaks  of  an  ironstone  and  marlstone  series  (Quart.  Joum.  Geol.  Sec. 
vol.  xiv.  p.  96,  1858) ;  and  so,  more  recently,  he  writes,  the  "  marl- 
stone is  not  worked  for  iron  in  Yorkshire,  but  it  appears  to  be  only 
from  its  reduced  equivalent  in  Oxfordshire  that  the  ore  has  been 
obtained  ;"  from  which  it  is  obvious  that  he  excludes  the  Cleveland 
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main  seam  from  the  term.  In  this  he  had  been  preceded  by  Hunton 
in  1836y  who  spoke  of  the  ironstone  and  marlstone  series,  and  fol- 
lowed by  Bewick  in  1861.  This  has  probably  arisen  from  the 
natural  objection  of  geologists  to  call  an  ironstone  a  marlstone,  when 
neither  it  nor  any  Yorkshire  bed  can  be  appropriately  called  by  that 
name.  Thus  we  have  a  third  meaning  for  marlstone,  viz.  "the 
sandstones  and  calcareous  rocks  below  the  ironstone." 

A  term  which  has  thus  three  meanings,  and  is  moreover  totally 
inappropriate  as  descriptive,  is  self-condemned.  We  substitute 
therefore  that  of  Middle  lias,  and  particularize  the  various  portions 
of  it  by  their  lithological  and  palseontological  characteristics. 

We  now  proceed  to  give  some  of  the  tj^ical  sections  of  the  mar- 
^ntatu»-hedB. 


Typical  Sbctioxs. 
Ilummersm. 

No. 

Lithology. 

"^^              Po-a. 

1. 
2. 
3. 
4. 
6. 
6. 
7. 
8. 
9. 

10. 
11. 

12. 
13. 

14. 
15. 
16. 
17. 

18. 

19. 
20. 

21. 

Amnumifes-gpinatus  beds. 

ft.   in. 

Upper  margaritatus-BEHs. 

Bottom  seam  of  ironstone  ... 
Bbifik  lAininAt/6d  nhnlf^ 

1     4 
8    4 
0    4 
10    2 
0    li 
4    0 
0    2 
0    8 
0    9 

0  10 

0  4 

4  10 

17    0 

1  0 
8    7 
0    4 
3    9 
0    3 

2  6 

0  7 

1  4 

Clay-ironstone,  slightly  oolitic 
Black  shale 

Blue  argillaceous  limestone  . . . 
Black  lanr|innte<l  phalet , 

Clay-ironstone  

ghale  

Nodular  band  of  blue  ferro-ar- 
ffillaoeous   limestone,  spec- 
kled with  white  grains. 

Rhnlo 

Oral  doggers  of  argillaceous 

limestone. 

Toueh  micaceous  shales    

Small  doggers  of  argillaceous 

limestone   

Tough  micaceous  shales  

Indurated  sandy  shale 

Blue  hard  sandy  shale  r t  - 

Pecten  lunulartA,  Limeaacnfi 
cosfa^  GermUia  erosa,  Lcda 
subovalis. 

Leda  gra^hica,  Pecten  lunii' 
laris. 

Grey  oval  septariate  nodules 
TTjit«  sandv  shales 

Oalcifero-argillaceous  balls  ... 

LowsR  margariiatuS'BZDs. 
Blue  flhaly  sandstone    

Protocardium  tnmcatum. 

Blue   shaly  caloiferous  sand- 

stona 
H^*^  sandy  shalfvf...           

1 

Carried  forward 

67    2 
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Here  we  reach  the  base  of  the  cliff ;  but  on  the  south  side  of  the 
harbour  the  following  beds  are  exposed  at  low  tide  : — sandy  shales  ; 
impure  limestone-bands ;  grey  marly  sandstone ;  blue  micaceous 
sandstone:  about  10  feet  in  thickness,  containing  Protocardium 
truncatum,  Pecten  (nquivalvis,  Bdemnites  virgattis. 

The  fossils  are  chiefly  obtained  from  the  doggers  in  bed  no.  16. 

The  shells  often  constitute  the  mass  of  the  dogger,  having  a  mere 
crust  of  argillaceous  limestone.  Generally  in  each  mass  one  species 
largely  predominates ;  so  that  it  is  probable  that,  on  a  visit,  specimens 
of  the  smaller  species  may  be  obtained  in  sufficient  abundance  to 
stock  all  the  museums  in  the  kingdom,  whilst  on  subsequent  occa- 
sions few  or  none  of  the  particular  kinds  may  be  collected.  If  the 
matrix  of  the  shell-masses  has  undergone  slight  decomposition  the 
fossils  are  extracted  with  ease  and  in  a  perfect  state  of  preservation, 
occasionally  extending  to  that  of  colour. 

The  species  gathered  from  these  nodules  are  Ammonites  marga- 
ritatus,  A.  capricom^is  (very  small),  Discohelix  aratus^  Dentaltum 
elongatum,  Chemnitzia  BlainviUei,  C,  citharella,  Eucyclus  unduJatus, 
Arcomya  arcacea,  Monoiis  incuquivalvis,  Protocardium  truncatum, 
Cardita  multicosta^  Cardinia  IcBviSy  C,  antiqua,  Gypricardia  cuculr- 
lata,  Ceromyapetricosa,  Goniomya  hyhrida^Hippopodiumponderosum, 
Leda  minor,  L.  galathea,  L,  graphica,  Limea  acuticosta,  Pecten  ctqui- 
valvis,  P.  luntdarisj  Macrodon  intermedins,  Thracia  Orotiana,  Ihre- 
bratula  punctata, 

Cardita  multicosta,  Leda  minor^  and  some  other  bivalves  are  found 
occasionally  bored  as  if  by  a  gasteropod  ;  but  curiously  enough,  no 
species  has  been  found  in  this  bed  or  in  the  associated  strata  to 
which  such  a  habit  can  be  inferred  from  its  zoological  affinities. 

The  ravine  of  the  Skelton  bock,  between  SkeltOn  and  Marske 
Mills,  presents  a  section  of  the  upper  margaritatus-he^^,  similar  to 
that  of  Staithos  ;  and  in  it  there  occurs  a  line  of  fossiliferous  doggers, 
yielding  the  majority  of  the  species  found  at  Staithes,  and  occupying 
the  same  relative  position.     The  section  is  given  on  p.  134. 

Jfawsl-er. — In  this  southern  area,  though  the  lower  part  of  the 
margaritatus-heds,  which  is  so  well  developed  and  fossiliferous  at 
Staithes,  is  fairly  represented,  the  ironstone  of  the  upper  portion  is 
not  equally  distinct,  and  it  is  not  so  easy  to  fix  where  the  spina ttis- 
beds  above  ought  to  be  considered  to  end,  and  the  margaritatus-heda 
to  begin.  On  the  shore  of  Normanby,  on  the  north-west  side,  we  find 
the  fossils  characteristic  of  spitiatus-hcd&,  and  on  the  south-east  side 
those  of  the  margaritatus-serieB ;  but  in  the  wide  bay  which  inter- 
venes only  fossils  common  to  the  two  zones  have  been  met  with ;  the 
upper  limit,  therefore,  can  only  be  conjectured.  These  beds  cannot 
be  measured  on  the  scar  ;  but  they  may  be  in  the  neighbouring  cliff. 
Nevertheless,  the  dogger-bands  not  keeping  a  uniform  level,  they  do 
not  very  well  correspond,  and  it  is  difficult  to  correlate  them,  except 
in  some  marked  cases.  The  following  measurements  are  from  the 
cHff:— 
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Ko. 

lathologj. 

Thick* 
ne«o. 

FoKiU,  Ae. 

1. 

Stmtig  bpowTi  iron  doggei'   ,,, 

ft.  in. 
0    U 

MotmtU  c^gnip^. 

2. 

Friable  shales 

0    8 

' 

S.    Brown  ii^JtiatQiid rougb dogger 

0    4 

4. 

Crumblv  lamjnatad  alialeB    ... 

1     7 

5l 

Dou  ble  Icnobbly  dogger 

0    4 

6. 

Tery  finelj  laiitjaat^S  fikde  ... 

1     5 

7, 

Dt>gge  r-suadsE  one  baiid  ...„*.., 

0    5 

a 

Dark  (^'umblysbnlewith  ooea- 

13    8 

9. 

YeLoiy  flauiJy  bmid 

0    5 

0    8 
0    8 

10. 

BWk  shale' 

IL 

Strong  coDvecutlTo  dogger   ... 
Blue-bla>k  aoflisb  ab£&  with 

12. 

15    0 

Modiof&    »r&fprvm,     CarJUg 

largo  foBsiliferoua   dogger* 

muitimsfti,    PUcatHia    iipii 

scattered. 

iK'm,  I'raten  e^imhi^,  Am- 

fi>iffii^a  costdta,  Crtomya  pi' 
trieitsa,  Prototardiupi  tnm' 
mfum. 

I3J 

Doubk  eonsecutiTP  dogger  irith 
loftcr  parti  Qg. 

0    7 

14. 

Soft  shale  ..,..,.,,...... 

G    4 

0  10 

WcKjd. 

GT(s»lj/n    inferTmdia,   AsfarU 

Fowiliierous  dogger,  Tariable, 

IJueahale. 

m 

Strong  coiifleoutivu  rough  inm- 

0    6 

Profocardiwn  ttuvfet^Ufih  ^ 

17, 

Dark  fthnles  with  oysters  and 
Doiiunitiut&l  foHHiJs. 

1     8 

Gr^pk^ij  eymhinm. 

la 

DogserB. . , ...,.,. ,..».,. 

0    3 

2    3 

Protocardmm  trtmeaium. 

la 

Dark  hhii*  aiwcklj  ehalra  ....„ 

llO, '  Kurd     mlcareoua     Evmdttuiie 

.... h. 

AfH.  murgatitatm. 

with  oone-iinxine  structure 

atop  (0-1 2 in.). 

21. 

Dark  specklj  nwdefl ,....,,..... 

^  u 

Am,   mGrquHtaftif^    ProfGfor-, 

dium  frunfatmH.Monotfi  itt- 

^uhitlvU,  Fti^tm  hnvlaru. 

22. 
23, 

Hard  irregxdnr  di>ggfir  .,.,*.... 

B    8 

IknfoUvm  gi^Qntenm,  I'rt/fo^ 

li^t  sp^aiy  fihai«a 

t^ardivm  (runcaium^  Fcctt^ 

ittnuiaru^ 

24. 

White  dogger    ,,..».., 

0    4 

' 

2S. 

Dark  blue  apecUy  Bhale«  with 
irregular  do^^ger*. 

1*  10 

%. 

Thin-bedded,  "  rippled     and 
laminated  jellow  nMmdatone. 

1    3 

27. 

28. 

Blidsb  eh&leti ...„,.,.,.. 

3    6 
0    8 

Wood,  calcite. 

PrGtoctwdium  fmncatum  {bu- 
fiierouB). 

Dogger-band 

29. 

Hard  «peelly  &hale  with  hard 
bttndi.  eradtiatinv  into 

Hard   TeQow  wndiitone-rock 
with  layeri  of  oysters. 

4    0 

l*Tot&(MTdmm  trunmtvm. 

30, 

G    0 

Grvpfusa  ct/mbium,  Protoatr^ 

78  10 
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No. 

lithology. 

Thick- 
ness. 

Fossils,  &o. 

31. 

32. 
33. 
34. 
35. 

Brought  forward    

ft.  in. 

78  10 

6    8 

0    7 
4    8 
0    8 
0    5 

Am,  marfforitatus,  Bdemnites 
elegaTM, 

Protocardium  trumoaium. 

Hard  dt^  speddy  shales  with 
lammatedband. 

Dark  speckled  shales 

Strong  ironstone  dogger  

Dark  soeckled  shales    ......... 

Series    of   oyster   and  sand- 
stone hands  of  the  capri- 
comus-zone. 

Total    

90  10 

With  tho  exception  of  Dentalium  gigavUeum,  which  occurs  in 
hundreds  in  one  particular  bed,  and  Protocardium  trwicatum,  which 
also  monopolizes  several,  the  chief  depositories  of  the  fossils  of  the 
zone  are  large  lumps  of  an  oval-flattened  shape,  which  are  com- 
pletely made  up  of  them,  being  no  doubt  cemented  by  the  calcareous 
matter  of  the  shells.  These  lumps  are  met  with  chiefly  in  bed 
no.  12,  which  is  spread  out  into  a  large  flat,  running  outwards  at 
the  northern  extremity  of  Normanby  Stye  Batts ;  and  the  doggers  of 
no.  15  are  also  sometimes  of  a  similar  character. 

Ranob  Aim  ExPOSTTBEs  OF  THB  margaritatm-BBDB. 

The  most  southerly  exposure  on  the  east  coast  of  strata  on  this 
horizon  is  on  the  Scars  at  Old  Peak,  Eobin  Hood's  Bay,  and  on  the 
east  side  of  the  Peak  fault,  which  upthrows  these  beds  on  the  west 
side,  to  form  the  top  of  tho  low  cliflP ;  thence  they  retire  a  short  dis- 
tance from  the  sea-cliffs,  follomng  the  sweep  of  Robin  Hood's  Bay, 
and  by  the  northerly  dip  which  they  acquire  are  again  brought  into 
view  on  the  coast  at  the  north  cheek  of  the  Bay,  descending  the 
cliff  to  the  northward,  and  are  soon  lost  under  the  sea  below  Haw- 
sker  Bottom. 

Following  the  coast  northward,  they  do  not  emerge  from  below 
the  sea-level  till  we  round  the  Old  Nab  south  of  Staithes  ;  thence  the 
lower  margaritatu^-heda  make  conspicuous  features  in  the  sea-cliffs 
as  far  as  Huntcliff.  The  extensive  Boulder-clay  plateau  between 
Staithes  and  Boulby  reposes  for  the  greater  part  upon  the  rnargaH^ 
tatus-heda,  as  determined  by  the  coast-section  from  Colburn  Nab  to 
Boulby,  and  inland  by  several  exposures  along  the  course  of  Staithes 
Beck,  as  at  Dalehouse  Mill,  Oneholm,  and  in  Low-House  Wood. 
The  course  of  these  strata  on  the  coast  is  interrupted  between  the 
west  end  of  Boulby  Cliflfe  and  Humraersea  by  the  head  of  an  old 
valley  opening  to  the  north,  now  filled  to  above  the  level  of  the  iron- 
stone with  Bouklcr-clay,  and  again  by  a  similar  but  broader  de- 
pression at  Skinningrove.  At  Himtcliff  the  series  retires  from  the 
coast,  if  we  except  the  outlier  on  Coatham  Scars,  the  Off  Height 
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and  Salt  Scar  of  which  are  constitnited  of  the  sandstone  and  calci- 
ferous  rock-beds  of  this  group.  The  first  inland  section  we  en- 
counter is  that  in  the  wooded  dell  through  which  flows  the  Saltbum 
beck  to  Old  Saltbum ;  it  consists  of  ^e  flaggy  sandstones  of  the 
Lower  margaritatus-zoneB,  which  are  here  contorted  as  represented 
in  the  annexed  woodcut.  It  affords  a  slightly  lower  horizon  than 
the  deepest  parts  of  the  section  of  the  Skelton  beck,  which  com- 
mences at  the  top  of  the  sandstones,  and  will  be  found  described 
on  p.  134. 

*  Fig.  3. — Contorted  Sandstones,  Saltbum, 


In  Cattersby  Glen,  east  of  Huntcliff,  the  marls  are  ground  and 
moulded  into  becks.  Exposures  on  the  front  of  the  Upleatham  and 
Eston  Hills  are  very  few  and  obscure.  The  flat-topped  escarpment, 
running  east  and  west  of  Yearby  and  Wilton,  consists  of  a  crown  of 
the  lower  margaritatus-hedBy  the  softer  capricomus-  and  Jamesoni^ 
beds  occupying  the  slope. 

An  exploring-shafb  for  ironstone  was  commenced  in  these  beds,  at 
a  place  bearing  the  appropriate  name  of  Wilton  Folly.  Other  ex- 
posures of  the  sandstones  are  at  Normanby  and  West  Hambleton. 
The  upper  shale-beds  are  seen  underlying  the  ironstone,  which  is 
in  contact  with  jet-rock  near  Scugdale  Farm,  on  the  south  side  of  the 
Eston  outlier ;  and  the  hard  beds  form  an  escarpment  on  the  north 
side  of  the  outlier  of  ironstone  at  Tocketts  Lythe.  On  the  Guis- 
borough  Hills  margaritatus-hedj^  are  exposed  in  a  steep  bank  at  the 
Waterfall  Bridge,  on  the  road  fix)m  Slapewath  to  Guisborough ;  thence 
the  horizon  of  the  hard  beds  may  be  traced  by  the  slight  terrace  they 
form  to  Belman  Bank ;  from  this  point  they  gradually  become  an 
important  feature  in  the  landscape.  At  Hutton  and  Pinchinthorpe 
they  form  tabulated  hills,  gradually  merging  into  the  general  mass 
at  Boeeberry,  on  the  north  and  west  of  which,  however,  the  stone- 
bands  form  a  bold  escarpment,  well  seen  in  the  part  called  Cockle 
Scar,  and  from  which  Young  &  Bird  and  Phillips  obtained  some 
of  their  Middle-lias  fossils.  To  the  south  of  B^eberry  the  marga- 
ritafu9-beds  are  spread  out ;  but  they  contribute  to  the  imposing 
scenery  of  Cliff  Eidge.  On  the  flanks  of  Easby  Moor  they  again  give 
rise  to  a  bold  escarpment,  along  the  base  of  which  the  river  Leven 
flows  from  a  little  east  of  Kildale  station  for  a  considerable  distance 
in  its  general  easterly  course.     Margaritatas-he^  are  exposed  at 
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several  points  between  Eildale  and  Cringley  Moor,  in  the  front  of 
which  is  situated  the  section  already  referred  to  in  p.  99.  Here, 
for  some  distance,  the  hard  beds  form  crags  along  the  front  of  the 
highly  inclined  slopes  of  these  imposing  inland  clifiis.  The  same 
beds  form  the  base  of  the  picturesque  outlier  of  Whorlton  Hill, 
and  are  well  exposed,  as  are  in  part  also  the  upper  shales,  on  the 
north  face  of  the  plateau  on  which  the  village  of  Whorlton  is 
situated. 

The  Middle  Lias  flaggy  sandstones  may  be  studied  in  Scugdale,  at 
the  back  of  Holiday  House.  They  are  obscurely  exposed  ia  the 
woody  slope  of  Coal-Mire  Bank,  their  presence  being  indicated  by 
the  outburst  of  springs.  Similar  indications  are  observable  in  Am- 
clifle  Wood;  but  as  they  approach  Mount  Grace  they  gradually 
recede  from  the  general  slope  of  the  hills ;  and  thence  to  Clack  Farm, 
near  Osmotherley,  they  constitute  a  very  picturesque  escarpment 
clothed  with  timber.  This  feature  is  lost  beneath  the  Boulder-clay 
between  Osmotherley  and  Thimbleby;  but  to  the  south  of  the 
latter  place  it  is  resumed,  and  is  traceable,  at  a  distance,  by  the 
narrow  strip  of  woodland  which  stretches  away,  following  the  con- 
tour of  the  Oolitic  escarpment,  by  Sow  Wood,  Hogg  Wood,  Spring 
Wood,  «fec.,  to  within  a  short  distance  of  Nether  Silton :  exposures 
are  frequent  along  this  line. 

The  next  exposure  is  that  at  Crake  Bank,  before  mentioned 
(p.  99).  At  Feliskirk  the  margaritattu-Bhales  occupy  the  hill-side 
south  of  Thirsk  road,  as  noticed  also  by  Marley  (I,  c.) ;  and  the 
boring  of  this  locality,  of  which  a  section  is  given  on  page  124,  left 
oflF  in  these  shales,  having  traversed  a  band  of  "  marlstone"  (?) 
1  ft.  9  in.  thick.  From  hence  to  the  south  all  Middle  Lias  beds  are 
hidden  till  we  reach  the  parallel  of  Sessay,  after  having  passed  an 
east  and  west  dislocation ;  then,  again,  we  come  to  a  good  section  of 
the  sandy  portion  of  this  zone,  on  the  road-sides  leading  down 
from  Thormanby  towards  Easingwold.  These  beds  form  a  low 
elongated  hill  which  gradually  slopes  oflf  in  either  direction,  but 
which  indicates  their  line  of  strike ;  and  the  same  appearance  may 
be  met  with  again  to  the  west,  marking  clearly  their  range  and 
leading  to  the  place  of  their  exposure  in  a  cutting  near  Sessay 
Station.  At  Thormanby  the  beds  dip  to  the  south,  and  have  yielded 
Protocardium  truncatum,  Monotis  cygnipes,  Macrodon  Buchnianni^ 
Pecten  equivalvis,  Dentalium  giganteum,  lihynchonella  calcicosta, 
Leda  (sp.),  Acronnia  (sp.),  Qresslya  (sp.). 

In  the  neighbourhood  of  Easingwold  the  blocks  of  stone  contain- 
ing Protocardium  truncatum  are  much  used  for  paths ;  they  have 
been  extracted  in  some  cases  from  wells,  as  near  Crayke ;  but  we 
have  not  been  able  to  see  them  anywhere  in  situ.  Sandstones, 
however,  are  exposed  in  a  small  woody  ravine  near  Hanover  House, 
which  possibly  belong  to  this  series.  At  Stillington  Mill  the  stream 
washes  a  small  cliff  of  shales  with  small  fossils  apparently  refer- 
able to  this  stage  ;  and  from  the  use  of  the  flaggy  limestones  in  the 
villages  about  Sheriff  Hutton  it  is  clear  that  the  ridge  on  which 
they  stand  is  on  these  hard  beds ;  but  we  have  not  found  any  ex- 


ZOSE  OF  AMMOirilBS  MlSeABIXATUS.  113 

posores ;  and  south  of  this  no  indication  whatever  is  given  of  their 
existence  in  Yorkshire. 

Inltebs  of  the  marganiahiS'iiEDQ. 

The  most  considerable  portion  of  the  Dales  rests  upon  these  rocks. 
While  the  Upper  lias  skirts  the  sides,  and  the  ^inatus-heda  run 
in  a  narrow  liiie  beneath  it,  the  whole  of  the  more  level  portion  is 
excavated  in  margaritatus-Bhalea  or  sandstone,  not  often  reaching 
so  leiw  as  the  latter,  and  very  seldom,  as  we  have  seen,  passing 
through  them  to  lower  beds.  All  the  minor  features  of  the 
scenery  depend  on  the  excavation  or  escape  from  denudation  of 
these  rocks:  and  the  terraces  they  foim  are  very  noticeable;  in 
many  cases  they  stand  up  as  flat  plateaux,  which  end  suddenly  in  a 
steep  declivity,  the  direction  of  the  base  of  which,  though  ofton 
along  the  length  of  the  dale,  is  sometimes  transverse  to  it,  in  which 
case  the  difficulty  of  conceiving  the  valley  to  have  been  excavated 
by  the  stream  at  its  base  is  greatly  increased.  The  exposures  of 
margaritcttus-hedB  are  very  numerous,  and  often  afford  fine  liassic 
clifb,  though  not  generally  very  fossiliferous  except  as  to  the  com- 
moner  forms. 

Westerdale. — In  this  dale  the  chief  exposures  are  in  the  river 
Esk  near  Low  Farm,  in  tributaries  to  it  on  both  sides  of  the  dale, 
a  fine  section  in  Bagdale  Dike,  by  Westerdalo  Hall  and  in  the 
road,  in  many  places  along  the  roadside  towards  Eskiets,  also 
in  the  eastern  head  along  the  stream  of  Tower  Beck — the  lower 
portions  of  these  sections  exposing  the  fiaggy  sandstones  of  the 
series. 

DavJby  Dale. — ^At  the  northern  end,  below  Danby  Low  Moor, 
the  ffuif^arttohfd-shales  are  seen  nearly  abutting  against  alum- 
shale,  the  latter  being  brought  down  by  a  fault.  The  underljring 
thick-bedded  sandstones  and  sandy  shales  below  continue  in  a 
plateau  bounded  on  the  west  by  the  stream  in  many  places,  in  the 
course  of  which  they  can  be  well  seen,  rising  to  the  south,  till  they 
reach  the  church,  when  they  are  cut  off  by  a  transverse  declivity 
and  form  a  prominent  and  remarkable  feature.  These  beds  are 
fossiliferous.  South  of  this  the  feature  is  less  decided,  but  still 
manifest ;  and  a  good  section  of  tho  shales  is  seen  half  a  mile  to  the 
south,  in  a  wooded  stream-course,  going  down  150  feet,  and  possi- 
bly reaching  the  level  of  the  capricornus-zone.  The  eastern  side  of 
this  dale  is  rather  steeper  than  the  western ;  but  nevertheless  not 
many  more  exposures  are  seen. 

Frywp  Dale, — In  Little  Fryup  these  maybe  seen  in  road-sides  and 
stream-courses,  below  the  ironstone,  for  which  see  page  145 ;  but  in 
Great  Fryup  very  little  is  seen,  except  at  the  south,  where  between 
Wood  Head  and  Fryup  Lodge  they  form  one  of  these  characteristic 
declivities ;  and  they  are  exposed,  too,  nearer  the  Dale  head,  and  in 
the  deep  cutting  of  High  Gill. 

Qlaixedale. — ^The  Middle  lias  covers  a  small  area,  which  is  under 
pasturage  and  the  plough ;  so  that  there  is  little  opportunity  of  ex- 
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amination  by  ontcrop,  and  the  margariiaius-hedB  can  only  be  seen 
(except  in  the  stream,  as  to  be  mentioned  hereafter)  near  the  head 
of  the  Bale,  where  they  are  exposed  in  two  or  three  places  in  road- 
cuttings  on  either  side  of  Hobgarth. 

EskddU. — ^The  npper  ma/rgaritatus-he^  are  well  exposed  in  the 
valley  of  the  Esk  from  below  Grosmont,  commencing  at  the  Priory, 
where,  in  the  bank,  the  bottom  seam  of  ironstone  is  within  view ; 
its  conrse  to  the  east  on  the  south  side  of  the  river  is  traceable  by 
drifts  and  exploring-levels  conducted  on  it.  The  beds  have  an 
easterly  rise ;  and  soon  after  leaving  Grosmont  the  margaritatM- 
sandstones  have  emerged  from  the  river-bed  and  form  the  steep 
banks  of  the  Esk  fronting  Dursley  and  Spring  Woods.  The  railway- 
cutting  through  the  latter  displays  the  following  section  (estimated 
thicknesses) : — 

ft. 

^Shale 6 

Stone  band  3 

Bailway-outUng.  <  I  Sandy  marl ^ 10 

Flaggy  sandstone 4 

\Shale 16 

BiTer-bank Shales  with  doggers..... 30, 


-  Am.-marffaniaiu8  zone. 
Am,'^qpricomu8  aone. 


In  this  district  the  upper  100  feet  of  the  Middle  lias  presents 
a  remarkable  uniformity ;  and  within  its  midst  are  two  important 
rock-beds,  which  are  worked  as  ironstone.  These  are  the  so-called 
"  Peeten-  and  ^i;tcii7a-seams,"  the  lower  of  which  is  palceontologically 
related  to  the  upper  margaritatus-hedB ;  but  from  its  relation  to  the 
main  seam  of  ironstone,  it  will  be  treated  of  therewith. 

From  near  Heckswood  the  strata  begin  again  to  decline;  and 
though  on  the  north  side  they  are  thickly  covered  with  Boulder- 
clay,  along  the  south  side  (or  Eskdale  side)  they  may  be  traced  in 
cliffs  and  minc-oponings.  A  fine  section  of  them  below  any  iron- 
stone works  may  be  seen  at  Blue  Scar ;  they  are  again  exposed  on 
the  north  side  of  the  river  near  Sleights  Bridge :  and  a  shaft  has 
here  been  put  down,  obviously  to  no  purpose ;  it  was  carried  down 
25  feet  only.  On  the  other  (south)  side  of  the  railway,  in  Ibum- 
dale  Beck,  the  marcfaritatus-Bholes  are  exposed  in  a  cliff,  with 
6  inches  of  ironstone  dipping  rapidly  to  the  north-east.  Nothing 
more  can  be  seen  to  the  east  till  in  half  a  mile  the  Oolite  occurs  on 
the  level  of  the  railway.  In  the  valley  of  Ibumdale,  in  the  stream- 
side  below  Battle  Banks,  and  in  day- holes,  and  on  the  surface  at  the 
neighbouring  farm,  these  shales  and  ironstone-bands  are  again 
exposed,  revealing  in  connexion  with  the  occurrence  of  the  Oolites 
either  an  anticlinal  or  a  fault  (see  "  Faults"). 

Bilsdale. — This  dale  is  deep  enough  to  have  its  central  portion 
occupied  by  capricomu^-heda  ;  and  those  of  A,  margaritatns  form  a 
girdle  round  it.  The  exposures  are  not  numerous  in  the  northern 
part ;  the  chief  in  the  dale  are  the  following : — on  both  the 
lanes  leading  up  the  hills  to  N.W.  and  S.W.  of  Chop  Gate,  good 
continuous  sections  of  sandstones  and  shales ;  near  Broad  Fields  ; 
in  Hollow  Bottom  beck ;  about  three  quarters  of  a  mile  to  the  south 
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of  this  by  a  BtreanHBide;  in  the  N.E,  head  of  the  valley  in  fine  cliffs 
along  the  eastern  branch  of  the  stream ;  the  hill  north  of  Ledge- 
Beck  bridge  is  one  of  the  characteristic  form ;  in  the  road  below 
Studstile ;  and,  finally  in  the  high  road  by  Fangdale  Beck.  The 
flaggy  beds  are  here  often  used  for  pavements  &o.  Margitatus- 
sandstones  are  well  displayed  in  the  course  of  Great  Gill,  near 
the  farmstead  of  Ewe  Hill  in  Baisdale,  and  may  be  seen  also  on 
the  roadndde  leading  into  Langdale,  near  High  Crosslets ;  and  be<* 
tween  Baisdael  Mill  and  West  Cote,  at  the  mill,  are  seen  some  of  the 
shales. 

Branedah, — ^The  npper  marls  may  be  seen  in  this  dale  in  difOs 
along  the  stream  in  the  western  head,  and  skirting  the  high  groimd 
which  divides  it  from  the  eastern,  especially  near  the  church,  below 
which  again  the  hard  bands  appear,  and  thence  continue  as  a  mural 
■diff  on  the  east  side  of  the  stream,  culminating  at  an  elevation  of 
100  feet  above  it,  below  Groat  Hill ;  thenoe  the  terrace  declines, 
and  is  brought  down  to  the  level  of  the  stream  by  High-Elm  House, 
giving  place  in  a  few  chains  to  the  ironstone  scries,  which  embraces 
the  stream  on  both  sides,  till  it  is  lost  below  the  Upper  Lias  at 
Catharine  House. 

Famddle. — Here,  as  before  noticed,  the  central  part  is  in  the 
eapricomus-zone,  but  a  very  small  proportion ;  so  that  margaritatus- 
heda  are  much  more  spread  out  here  and  form  characteristic  ter- 
races or  hills,  often  flanking  the  river  Dove.  The  chief  exposures 
are  the  following: — Carr  Wood;  characteristic  terrace,  Sonley 
Wood;  Gill  Bike;  Hanging-Bank  Wood  (terrace);  diffia  higher  up 
Blakey  Gill ;  HoUin  Bush ;  below  Horn  End ;  kaysbeck ;  half  a 
mile  south  of  Low  Mill,  on  the  Dove. 

Boseddle. — Margaritatus-heds  form  a  narrow  strip  along  the  base 
of  the  western  head,  without  any  marked  exposures  till  we  reach 
the  Abbey,  where  there  are  many  in  the  river  and  by  the  road-sides 
leading  north  and  east.  South  of  this  they  are  again  seen  by  the 
road-side  or  near  it;  but  they  are  here  dipping  rapidly,  and  the  Upper 
lias  and  Oolite  succeed. 

pAJLS0im)L0GY. 

The  total  number  of  species  recorded  from  the  zone  is  86,  39  of 
which  make  their  first  appearance  at  this  horizon ;  but  a  majority 
of  them  pass  up  to  the  AmmoniteS'Spinatus  beds.  The  restricted 
spedes  number  16,  and  are  as  follows — Ammonites  algovianuSj 
BelemniUs  MiUeri,  Chemniizia  citharella,  Littorina  clevelandica, 
Discohdix  aratus,  Dentalvam  giganUum,  Modiola  svhcanceUata^  Car- 
dinia  prototypa^  Gresslya  Sedxichii^  Plturomya  granata,  P.  con- 
cinnay  jRhynchondla  acuta,  Spiriferina  Tessoni,  Pentacrinus  gracilis, 
and  ExtracrinvM  tubangvlaris. 

The  large  accession  of  species,  the  profusion  of  certain  others,  as 
Protocarditm  truncatum,  Cardita  multicosta^  Amm^onites  margaritatus, 
Peeten  suhstriatua,  Lima  Hermanni,  Leda  minor,  Monotis  cygnipes, 
BhynchoneUa  cdlcicotta,  &c.,  and  the  peculiar  species,  some  of  which 
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are  abundant,  as  Dentalium  giganUum,  Oresslya  Seehachii,  Modiola 
suhcanceHata,  and  Gardinia  prototypa^  distinguish  the  fauna  of  this 
zone  from  that  of  the  A,  caprieamus,  with  which  it  has  much 
affinity. 

The  palsBontological  distinctions  between  the  lower  and  upper 
margaritatuS'heds  are  not  so  great  as  might  be  expected,  considering 
the  extreme  differences  of  sediment.  In  each,  the  majority  of  the 
species  is  confined  to  certain  bands  more  or  less  calcareous.  In  the 
lower  beds  we  note  the  following  as  having  therein  their  head  quar- 
ters:— Qryptcenia  expansa^  Chemnitzia  nuda,  Ehgnchonella  calcicosta ; 
and  Dentalium  giganteum,  Modiola  subcanceUata^  Gardinia prototgpa, 
Pletiromga  granata,  and  P.  concinna,  which  do  not  ascend  higher. 
In  the  upper  beds  occur  the  following,  which  are  absent  in  the 
lower  series  : — Gypricardia  cueullata,  Thraeia  Ghrotiani ;  and  Turbo 
eyehstoma,  Gardinia  lasvis^  Eucyclus  cingendus,  Dentalium  donga- 
tum,  and  Geromya  petricosa,  which  begin  here. 


Inst  of  Fo89tls  from  the  zone  of  A.  margaritatus. 


IchihyoBauniSi  sp. 
Ammonites  margaritatus. 

al^yianus. 

spmatus. 

capricomus. 

fimbriatus. 

Belomnites  davatus. 

apidcurvatus. 

longiformis. 

Mifleri. 

cylindricus. 

breviformifl. 

Actaconina  marginata. 

ilminstrensis. 

CryptaJnia  expansa. 
Chemnitzia  Blainyillei. 

citharella. 

nuda. 

ilminstrensis. 

Dentalium  elongatum. 

giganteum. 

Disconelix  aratus. 
Eucydus  undulatns. 

cingendus. 

Littorina  dovelandioa. 
Turbo  cydostoma. 
Ostrea  submargaritaoea. 
Qryphea  cymbium. 
Anomia  numismalis. 
Pecten  ajquiyalvis, 

Bubstriatus. 

•         lunularis. 

calvus. 

prisciie. 

Lima  Hermanni. 

eucbaris. 

Limea  acuticosta. 
Flicatula  calya. 


Monotis  oygnipes. 

infequiyuyis. 

^Ta. 

GerviUia  erosa. 
Inooeramus  substriatus. 
Maorodon  Buckmaxmi. 

intermedius. 

Leda  galathea. 

grapbica. 

oomplanata. 

minor. 

Bubovalis. 

Modiola  subcancellata. 

ThioUierei. 

scalprura. 

numismalis. 

Protocardium  truncatum. 
Cardita  multicostata. 
Gardinia  prototypa. 

laevis. 

Gypricardia  cueullata. 
Astarte  striatosidcata. 
Hippopodium  ponderosum. 
Pholadomya  ambigiw. 
Plouromya  granata. 

concinna. 

costata. 

Arcomya  arcacea. 
Gresslya  Seebachii. 

intermedia 

Geromya  petricosa. 
Gtoniomva  hybrid  a. 
Tellina  fabalis. 
Thraeia  Grotiani. 
Rhynchonella  Uneata. 

acuta. 

tctrahedra 

calcicosta. 
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Rh  jnchouella  plicatissima  ?  Ophioderma  Milleri. 

Waldheimia*punotata.  Ophiolepis  Murray!, 

fipiriferina  Teesoni.  CidariB  Edwardd. 

Bitrypa  oircmata.  PentaorinuB  gradlis. 

quinquesulcata.  Extraorinus  subongiilarifl, 

Erjxna,  Bp.  Clio(?X  sp. 
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CHAPTER  Xm. 

THE  lEOVfflOTni,  OB  ZOKB  OF  AHHONIIEB  BPIKATUS. 

As  mentioned  in  the  last  chapter,  the  npper  portion  of  the  Middle 
lias  consists  of  argillaceous  shales  with  bands  of  ironstone,  some 
.  portion  of  which  belongs  palseontologically  to  the  zone  of  A,  marga- 
ritatuSj  and  the  remainder  to  that  of  A,  spinatus.  We  shall  find  it 
conyenient,however,to  treat  all  the  ironstone-beds  together;  and  con- 
sequently some  details  will  be  given  here  which  might  otherwiso 
have  been  included  in  the  former  chapter. 

The  workable  beds  of  liassic  ironstone  are  entirely  confined  in 
Yorkshire  to  this  part  of  the  series ;  and  it  is  in  the  N.W.  portion 
of  the  area  that  they  are  most  completely  developed,  deteriorating 
both  in  quantity  and  quality  as  we  depart  to  the  south  or  east. 

The  section  taken  from  the  ravine  of  the  Skelton  beck,  near  Salt- 
bum,  given  at  p.  134,  indicates  the  relative  position  and  general 
characters  of  the  ironstone-beds  included  in  that  part  of  the  Middle 
lias  which  intervenes  between  the  sandstone-series  below  and  the 
"  Grey  Shales''  above. 

Two  bands  of  ironstone  are  here  conspicuous  by  their  thickness 
and  oolitic  structure.  The  upper  one  is  known  as  the  '*  Cleveland 
Main  Seam,"  and  is  that  which  is  so  extensively  wrought  and  the 
basis  of  the  vast  and  growing  industry  on  the  banks  of  the  Tees. 
The  lower  one  is  called  the  "  Bottom  Seam ;"  and  though  of  fair 
quality,  yet,  on  account  of  its  comparative  thinness,  it  is  not  mined 
in  the  area  of  the  greater  development  of  the  main  seam,  but 
acquires  considerable  importance  in  the  Grosmont  district,  where  it 
contrasts  favourably  with  that  bed.  The  Skel ton-Beck  section  dis- 
plays other  ironstones,  less  oolitic  in  structure  as  we  descend  in 
the  beds,  all  of  too  small  a  thickness  to  attract  attention. 

"VVe  will  now  examine  each  of  the  principal  seams  in  detail,  and 
trace  them  conjointly  over  a  wide  area,  after  which  more  particular 
relations  "snll  be  indicated. 

The  Cleveland  Main  Seam  varies  so  considerably  in  thickness  and 
character  throughout  the  area  of  its  development,  that  some  parti- 
cular section  must  be  selected  and  described  as  a  standard  for  cora- 
paiison. 

The  Main  Seam  attains  its  greatest  thickness  atEston,  in  the  north- 
west of  Cleveland,  its  most  northerly  outcrop  of  which  we  have 
certain  knowledge.     Partaking  of  the  general  south-easterly  dip 
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of  the  lias,  we  find  it  gradually  decreasing  in  quantity  and  quality 
in  that,  as  indeed  in  every  direotion. 

The  stone  is  not,  however,  of  uniform  character  throughout  its 
thickness,  even  where  it  is  thick  and  undivided.  Nevertheless  it 
inay  be  described  as  a  Hghtish-blue  earthy  rock,  porous  and  oolitic 
in  structure,  constituted  of  carbonate  of  iron  with  certain  earthy 
admixtures,  and  yielding  an  average  maximum  of  from  30  to  32  per 
cent,  of  metallic  iron.  At  its  outcrop  the  stone  is  a  brown  hema- 
tite by  atmospheric  action  on  the  carbonate. 

The  differences  in  the  character  of  the  ironstone  observable  in  the 
Upleatham  Mines  are  well  pronounced  throughout  the  other  por- 
tions of  the  ironstone-field.  Here  the  main  seam  is  13  feet  in 
thickness  and  undivided,  but  nevertheless  exhibits  various  appear- 
ances throu^^out  its  mass,  not  as  separable  bands,  but  one  structure 
graduating  into  the  other. 

Detailed  Section  of  the  Ironstone-series  at  Upleatham. 

Top  block  or  roof,  3  feet  thick,  consisting  of  :— 
1.  A  brownish  compact  argiUaoeous  ironstone  with  diffused  oolitic  green 

grains. 
2L  Bather  more  oolitic  than  No.  1,  the  argillaceous  matter  more  diffused; 

small  pboephatio  partides  scattered  in  the  mass. 

3.  Similar  to  No.  1,  but  more  oolitic 

(An  ayerage  of  two  analyses  of  mixed  samples  of  the  abore  gives  27*5  pet 
cent  of  metallic  iron.) 

4.  Sulphur  bands — a  rock  composed  of  oolitic  grains,  consisting  chiefly  of 

iron  pyrites.    An  analysis  gives  30*25  per  cent,  of  sulphur,  correspond- 

inff  to  5671  per  cent,  of  bisulphide  of  iron. 

([Uiis  buid  was  formerly  worked  at  Eston,  and  applied  in  tlio  chemical 
works  at  Washington,  and  subsequently  at  Middlesborough,  as  a  sub- 
stitute for  ordinary  pyrites.  It  ^nerally  separates  m  loose  eround 
from  the  underlying  main  block  m  the  process  of  mining,  and  when 
sound  makes  an  excellent  roof;  but  its  extreme  liability  to  disin- 
temte  on  the  action  of  moist  air  necessitates  caution  in  placing 
reuance  upon  it) 

Workable  main  seam,  10  feet  thick,  consisting  of: — 
o.  Top  part  of  main  block — a  greyish  to  bluish  stone-colour,  not  uniform, 
somevdiat  compact,  with  pebble-like  lumps  of  an  earthy  substance  of  a 
much  lighter  colour  than  the  ore,  and  zinc-blende  occupying  centres  of 
the  more  arsillaoeous  parts.    Very  f ossiliferous. 

6.  Kiddle  part  of  main  Uook,  about  5  feet  thick — a  light-blue  stone,  oolitic  in 

structure^  but  the  grains  of  variable  sise,  with  crystals  of  carbonate  of 
iron  and  carbonate  of  lime.  The  dissolution  of  the  crystals  bavins  left 
cavities  in  the  stone  imparts  a  dnder-like  aspect  to  this  part  of  the 
seam,  by  which  it  may  easily  be  recognized. 

7.  Lower  part  of  main  block — a  greenish-blue  stone,  rather  close  in  texture, 

and  of  a  finely  oolitic  structure.  A  strong  parting  separates  it  from 
the  underlvine  stratum,  towards  the  outcrop. 

8.  Bottom  block  of  main  seam,  2  feet  thick — ^a  compact  earthy  splintc^  rock 

of  a  dark  green  colour,  partaking  of  the  character  of  a  hard  muostone, 

and  perfe^y  devoid  of  oolitic  structure,  which  prevails  in  all  the  higher 

parts  <^  the  seam. 

(Aoalyses  show  it  to  be  rich  in  alumina  and  silica,  but  the  percentage  of 
iron  does  not  fall  much  below  the  average  of  that  of  the  main  block ; 
it  is,  however,  rejected  by  most  iron-smdters.  Fossils  are  exceedingly 
rare.    It  is  called  by  the  miners  the  **  black  hard.") 
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9.  A  bed  of  shale,  1  foot  thick,  vhich  imderlieB,  and  is  called,  from  the  preya* 

lence  of  Bhynchonellay  vhich  are  occasienally  aggregated  in  atony 
lumps,  the  "  Cockle-bed :"  it  yields  as  much  as  21  per  cent,  of  metallic 
iron,  Uie  other  chief  matter  being  alumina,  silica,  and  lime. 

10.  Hard  shale,  4  feet. 

11.  Bottom  seam  of  ironstone — ^a  dense  blue  clay-ironstone,  specked  vith 
white  and  green,  2  feet  8  inches.  Fossils  not  abundant,  including  Ckem- 
nUeia  BlamwUei,  Protocardwm  truncatum,  JPectm  a^ivalvis,  Lvmca 
acwticosta,  Macrodan  Suckmannif  QrutUfa  intermedia, 

12.  Shale. 

Thus  certain  regions  of  the  main  seam  present  distinctive  cha- 
racters ;  and  these  are  indicative  of  an  obscure  stratification,  certainly 
so  far  as  regards  the  portion  intervening  between  the  "black 
hard"  and  the  "sulphur  band/'  which  are  conformable  to  the 
planes  of  bedding  of  the  higher  and  lower  strata.  However,  the 
original  stratification  is  not  obliterated,  and  is  prominent  in  the 
faces  of  sections  that  have  been  partially  exposed  to  weathering 
influences. 

The  stone  on  the  adjoining  estate  of  Thornton  Fields  is  a  pre- 
glacial  outcrop,  being  now  covered  with  Boulder-clay  varying  from 
60  to  90  feet  in  depth,  and  exhibits  planes  of  stratification  after  the 
most  decided  manner.  The  main  block  is  10  feet  6  inches  thick, 
and  where  not  too  much  disintegrated  consists  of  numerous  layers 
of  olive-green  ironstone,  separated  by  brown  partings  of  oxidized 
and  rotten  stone.  The  number  of  layers  varies  firom  20  to  30  in 
the  total  thickness  of  the  working  section^  and  they  occasionally 
display  false-bedding. 

A  similar  phenomenon  is  observed  in  the  south-west  workings  of 
TJpleatham  and  adjacent  to  the  last  property.  Again,  the  bared  face 
of  the  main  seam  at  Belman  Bank  in  the  Guisborough  Hills  pre- 
sents a  like  kind  of  stratification,  which  is  not  visible  in  the  sound 
stone ;  here  the  rock  is  more  compact,  less  oolitic,  and  approaching 
the  clay-ironstouc,  and  the  more  argillaceous  portions  are  seen  to 
be  arranged  in  parallel  rows,  whilst  the  better  parts  are  gathered 
around  the  former  as  gravelly  matter.  Similarly  the  stone  at  Kil- 
dare  weathers  into  a  gravelly  mass,  and  ferriferous  bosses,  having 
clay  centres,  arranged  in  lines. 

Something  of  the  character  of  the  ironstone  is  thus  revealed  by 
its  mode  of  weathering.  The  stone  of  richest  quality  breaks  up  into 
a  hrasJi,  and  as  such  has  been  quarried  for  gravel  at  several  points 
on  its  outcrop  around  the  Eston  Hills ;  the  sites  of  these  are  indi- 
cated on  the  6-inch  ordnance  map  as  gravel-pits.  A  stone  contain- 
ing more  argillaceous  material  weathers  into  spheroids  with  hard  com- 
pact centres,  whilst  the  intervening  portions  break  up  into  a  gravel. 
This  fact  is  significant  of  a  more  intimate  relationship  between 
ordinary  clay  ironstone  and  the  highly  oolitic  stone  of  Eston  than 
at  first  sight  appears. 

The  thick  stone  of  Eston  &c.  is  vertically  joined  by  a  set  of  divi- 
sonal  planes  coursing  in  the  line  of  the  dip  ;  these  are  intersected  by 
others  which  divide  the  mass  into  wedge-shaped  blocks  of  large 
dimensions. 
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Por  an  account  of  the  origin  of  the  inflammable  gas  in  ironstone 
workings  see  Chapter  XV. 

The  joints  are  generally  close,  well  defined ;  and  the  few  open 
joints  that  have  been  encountered  have  clearly  been  widened  by  tho 
action  of  percolating  water,  traces  of  which  are  left  in  the  form  of 
a  brown  hydrous  oxide  of  iron  lining  the  sides  of  the  fissures. 

The  stone,  firom  its  jointed  character  and  porous  nature,  is  highly 
permeable  to  water ;  but,  from  the  circumstance  that  it  nowhere 
forms  a  surface-rock  of  any  considerable  area,  it  is  not  a  water- 
yielding  structure,  thereby  rodudng  to  a  minimum  in  the  exploita- 
tion of  the  ironstone  mines  the  mechanical  difficulty  of  raising  water, 
which  otherwise  would  have  been  of  gigantic  proportions.  These 
observations  apply,  though  somewhat  in  a  less  degree,  to  the  previ- 
ous beds  of  the  sandstone-series  of  the  Middle  lias.  Indeed  the 
water-supply  to  the  liassio  country  is  drawn  from  the  Inferior 
Oolite ;  and  the  outflow  of  water  from  its  base  keeps  clear  of  d^ris 
its  junction  with  the  Upper  Lias  shale,  and  materially  aids  in  the 
preservation  of  the  scarped  faces  of  the  oolitic  sections  by  limiting 
the  increase  of  height  of  the  talus.  Were  springs  discharged  from 
the  base  of  the  main  seam,  it  may  reasonably  be  expected  that  its 
outcrop  would  be  relieved  of  its  mask  of  Boulder-clay,  which 
throughout  Cleveland  generally  attains  to  an  elevation  a  little  above 
that  of  the  ironstone. 
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As  before  stated,  the  stone  has  its  greatest  thickness  at  Eston 
Nab,  and  thence  in  all  directions  it  diminishes  in  quality  and  quan- 
tity. In  illustration  of  this  phenomenon  we  give  comparative  sec- 
tions of  the  ironstone-series  along  the  line  of  the  northern  outcrop 
to  Huntcliff,  then  by  the  sea-coast  to  the  southern  limit  in  that  direc- 
tion of  the  stone  or  its  representative  at  Hawsker  Bottoms,  south  of 
Whitby  (see  page  124). 

In  these  sections  we  have  taken  as  the  base  the  upper  surface  of 
the  "  bottom  seam,"  a  band  which  preserves  a  more  uniform  thick- 
ness and  quality  over  a  larger  area  than  the  "  main  seam  "  does 
and  throughout  the  northern  part  of  the  field  is  situated  at  a  depth 
of  about  21  or  22  feet  below  the  junction  of  the  Ironstone  series 
and  ^'  Grey  Shales ;"  it  is  also  the  top  stratum  of  the  group  of  beds 
which  we  call  the  zone  of  Ammonites  margariiaius,  the  overljring 
set  constituting  that  of  Ammonites  spinatus ;  so  that  the  sections 
to  which  the  following  remarks  have  reference  illustrate  the  litho- 
logical  variations  of  the  strata  included  under  the  latter  paleeonto- 
logical  horizon. 

Thus  the  spinatus-heds  at  Eston  consist  of  15  feet  2  inches  of 
ironstone,  1  foot  10  inches  of  a  ferruginous  shale,  and  7  feet  of  black 
shelly  shales,  making  a  total  of  24  feet.  This  general  arrangement 
obtains  to  the  eastward,  certainly  as  far  as  Hobb  Hill ;  the  only 
differences  notable  are  the  reduced  thickness  of  the  ironstone-seam, 
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Phillips,  which  displays  a  limited  thickness  of  shale  with  two  bands 
of  nodular  ironstone  between  the  Upper  Lias  and  the  rock-bed  of 
the  zone  of  Ammonites  margaritatus, 

ISOCHTHONAL  LlWBS  OF  THE  IbONSTOITE  SbBIES. 

In  the  foregoing  portion  of  this  chapter  we  have  traced  the 
Cleveland  main  seam  and  its  associated  beds  from  Eston  to  beyond 
Whitby  on  the  south-east,  and  to  the  neighbourhood  of  Thirsk  on 
the  south-west,  at  each  of  which  latter  places  the  Ironstone  scries 
of  the  upper  part  of  the  Middle  lias  exhibits  the  greatest  poverty 
in  ferruginous  matter.  A  line  joining  Hawsker  and  Feliskirk  cute 
across  Eosedale  and  the  lower  part  of  Famdale.  These  are  the 
only  places  on  it  at  which  the  Middle  lias  is  seen  at  the  surface ; 
and  at  each  of  them  there  is  an  equal  poverty  of  ironstone,  as  is 
indicated  by  the  following  sections  : — 

■  Section  of  the  Ironstone  Series  at  Hawsker  Bottoms, 

Upper  Lias: —  ft.  in. 

Sandy  shalee  2    7 

Ironstone  dogger  and  calcareous  ironstone    1    9 

Hard  shales,  with  fiye  rows  of  ironstone  doggers 
of  an  aggregate  thickness  of  2  feet 29    5 

33    9 
For  details  sGQposty  p.  126. 

Section  of  the  Ironstone  Series  at  Thor  QiU^  Bosedale. 

Six  beds  of  argillaceous  ironstone  and  doggers,  yarying  from  2  to  5  inches 
thick,  and  of  an  aggregate  thickness  of  1  foot  7  inches,  alternating  witli  liurd 
shale,  the  whole  making  about  25  feet. 

The  only  section  of  the  Ironstone  series  in  Famdale  that  we  have 
measured,  is  near  Waces,  considerably  to  the  north  of  the  line  of 
traverse  from  Hawsker  to  Feliskirk.  No  complete  section  was 
seen  on  that  line ;  but  the  limited  exposure  of  the  beds  intervening 
between  the  wa/Y/a^t'to^MS-sandstones  and  the  jet-rock,  in  the  lower 
part  of  the  river  Dove,  revealed  shales  with  some  bands  of  nodular 
to  ne  only.     The  section  near  Waces  is  as  follows : — 

rt.  in. 

Shale  2  0 

ArgiUaoeous  stone  with  ferrous  cases 0  4 

Softshalo    1  2 

Gravellyironstone,with  earthy  layer  in  the  middle  1  10 

Soft  shale    3  G 

Argillaceous  ironstone  doggers    0  4 

Sou  shale. 

9    2 
The  Felisl'irJc  section*  is  : — 

Boltby  iron  rock    7     0 

Upper  Lias  shale  116    0 

*  J.  Phillips,  Quart.  Journ.  Geoh  Soc.  vol.  xiv.  p.  m  (1858). 
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Middle  Liafl  ironBtone  series : —  ft.  in. 

.  Nodular  ironstone 0    71  ft.  in. 

Soft  shale   3    Ol  ,,     - 

Nodular  ironstone 0    6  f"  ' 

Shale  7    GJ 

Marlstone  1     9 

Sandy  shale    20    6 


Though  there  is  no  actual  agreement  between  tl^ese  sections,  yet 
they  establish  an  important  fact,  that  nearly  on  the  line  intersect- 
ing them  the  Middle  lias  receives  its  minimum  quantity  of  iron. 
This  phenomenon  was  first  pointed  out  by  Professor  Phillips  in  the 
memoir  here  refer/ed  to ;  and  he  therein  showed  that,  with  respect  to 
the  Jurassic  series  of  Yorkshire,  lines  may  be  drawn  in  directions  not 
deviating  much  from  E.N.E.  toW.S.  W.,  which  shall  coincide  with  bands 
of  equal  deposition  or  equal  disappearance  of  particular  sediments  and 
particular  distribution  of  organic  life.  For  these  lines,  as  defining 
equality  of  earthy  sediments,  and  thus  sometimes  marking  out 
similarity  of  sea-depth  and  current-action,  the  author  proposes  the 
term  "  isochthonal,"  and  is  of  opinion  that  **  the  tracing  of  them 
will  hereafter  tend  much  to  increase  our  knowledge  of  the  physical 
conditions  of  definite  epochs  in  geology"  (he,  cit.  p.  97).  We  shall 
endeavour  to  illustrate  this  subject  by  special  reference  to  the  iron- 
stone, approximately  defining  its  geographical  range,  indicating  the 
physical  condition  and  depth  of  the  sea-bed,  and  the  direction  and 
proximity  of  land,  and  other  great  characteristics  of  the  period  in 
this  part  of  England. 

An  isochthonal  line  drawn  through  Eston  mines  has  on  its  north 
side  no  ironstone,  whilst  on  its  southern  side  its  value  grows  less 
and  less,  as  we  have  shown.  The  two  isochthonal  lines  which  mark 
out  the  geographical  range  of  the  extremes  of  mineral  condition  in 
the  ferru^nous  series  are  16  miles  apart,  the  normals  to  which  are 
directed  approximately  to  the  N.W.  and  S.E.  A  true  line  of  sec- 
tion to  exhibit  the  greatest  inequality  of  sediment  is  therefore  a 
normal  to  the  above-mentioned  isochthonal  lines,  which,  commenc- 
ing at  Eston  Nab,  intersects  the  outcrop  of  the  ironstone  at  Hutton 
near  Ouisborough,  in  Kildare,  and  Farndale  only,  and  meeting  the 
isochthonal  line  of  minimum  development  in  the  southern  extremity 
of  the  latter  dale.  We  have  already  given  comparative  sections  of 
the  Ironstone  series  at  each  of  these  localities ;  so  that  the  leader 
can  readily  note  the  successive  changes  in  the  mineral  condition  of 
the  main  seam  and  its  associated  beds  along  this  line.  Another 
normal  through  Upleatham  affords  fuller  details  than  the  former, 
though  of  course  we  commence  with  a  thinner  band  of  stone  than 
at  Eston ;  the  isochthonal  line  intersecting  the  former  is  a  little  to 
the  south  of  that  passing  through  the  latter.  The  sections  on  this 
line  are  furnished  by  the  mine- workings  of  the  Skelton-Park  pit, 
Skelton  pit,  Slape-Wath  pit,  and  the  natural  exposures  in  Danby 
Dale  and  Eosedale.  Here,  again,  it  wiU  be  unnecessary  to  tabulate 
these  sections  for  the  purpose  of  comparison,  as  the  results  will  be 
identical  with  those  obtained  from  the  coast  sections  already  given, 
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marganiatus-beds.  Nodules  90  feet  down  are  still  in  the  margari- 
to^uf-shales ;  so  that  the  shales  are  correspondingly  increased^  as  they 
are  at  Grosmont. 

Kettleness, — Proceeding  northward  the  Ironstone  series  is  first 
encountered  rising  from  beneath  the  sea-level  on  approaching 
Kettleness,  where  it  forms  the  base  of  the  diff,  the  main  seam 
constituting  a  low  mural  terrace  about  300  yards  in  length,  just 
above  high-water  mark.  The  strata  (which  are  described  in  the 
subjoined  table)  Young  and  Bird  denominated  the  <<  Kettleness 
beds." 

Section  of  spinatus-beds  at  Kettleness. 


No. 

Lithology. 

Thick- 
ness. 

Fossils. 

"  Grey  ahales  "  introduced  by 

black  laminated  shale. 
Zone  of  Ammonites  epinaius. . 

ft.  in. 

1. 
2. 

3. 
4. 
5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 
13. 

14. 

15. 
IG. 

Sandy  shale  

1    9 

.   1    8 

0  6 

1  1 

0  6 
4    8 

2  0 

1  9 

2  4 

1    6 

1    7 

valvis. 

Ammonites  spinaius,  Rhyn- 
chonella  tetrahedra. 

Am,  spinatuSf  Unicardium  sub- 
globosum,  FUwomya  coa- 
tatay  ShynchoneUa  ietrahe- 
drOt  Peniacrinus  amaJUhei. 

Am.  spinaius,  A.  ferruginem, 
ChrmnitziaBlainviliei,  Tur- 
bo ci/clo$toma,  Dentalium 
elongatum^  Arcomya  arca- 
cea,  Inoceramus  siwstriatus, 
Ledaaraphica,  L.  subovalis, 
L.gcUathea,  MacrodonBuck- 
manni,  Astarte  striatosul- 
cata. 

Am.  spinatus,  Pecten  aqui- 
valvis. 

Am.  spinatus,  and  other  fossils 
of  the  section. 

Am.  spinatus,  Pecten  aqui- 
valms,  Belemnites  microisty- 
fus,  B.  cluvatuSy  B.  bretn- 
formis,  and  otliers. 

Ostre^  submargarUacea. 

Small  argillo-arenaceo-c^ca- 
reous  doggers    

Sandy  marls 

Sandymarl    

Sandy  argillaceous  limestone 
doggers,  with  an  irregular 
surface. 

Hard  sandy  shale 

Dogger-band  to  5  inches 

Hard  sandy  shale 

Shale  with  scattered  fossilife- 
rous  doggers,  gypsum  par- 
tially enveloping  the  same , 
some     specimens   of   Am- 
monites m  blende  and  iron 
pyrit^    

Dogger-band,  3  inches 

Shale 

Top  block  of  main  seam    of 
ironstone,  a  subcrystalline 
calcareous  ironstone. 

Hard  shale 

Bottom  block  of  main  seam  of 
ironstone,    a    ferro-argilla- 
ceous  ironstone. 

Hard  shale 

Total    

19    4 

THE  IRONSTONE,  OK  ZONE  OF  AMUONirES  8PINATUS.  129 

The  previous  section  is  deprosscd  below  sea-level  by  a  fault 
coursing  at  about  right  angles  to  the  shore  southwards  along  the 
gully  to  the  west  of  the  village  of  Kettleness  ;  but  the  upper  strata 
are  brought  to  view,  by  a  nearly  parallel  fault,  in  about  450  yards. 
From  this  point  to  nearly  opposite  Hob  Holes,  the  marls  above  the 
main  seam  occupy  the  shore,  below  the  level  of  high- water  mark ; 
the  ironstone  nodules  contained  in  them  have  acquired  a  yoUow- 
ochraceous  hue,  which  may  explain  the  designation  of  "  White 
Stones"  applied  to  this  part  of  Runswick  Bay.  The  spinatvs- 
series,  on  account  of  their  dip  towards  Runswick  village,  become 
covered  up  by  the  annulatus-^hoiQS  opposite  Hob  Holes ;  and  from 
here  to  Brackenberry  Wyke,  near  Staithes,  the  shore-line  is  chiefly 
occupied  by  the  Upper  lias ;  but  the  shafts  at  Searth  Hills  and  at 
Rosedale  Wyke  give  the  position  of  the  main  seam  below  the  sea- 
level. 

The  section  at  the  Victoria  Iron  Works,  or  Searth  Hills,  north  of 
Runswick,  now  abandoned,  is  given  by  Marley  (7.  cH,  p.  198),  as 
follows : — 

Alum  Hbale  about  40  feet,  to  sea-leyel ;  below  this  the  company  sunk  a  shaft 
about  26  fathoms  lower,  to 


ft.  in. 

Dogger  ironstone-band 1  2 

Shale  1  \) 

Top  block  of  ironstone ^   ^M 

Shale  J     <)l7  (» 

Bottom  block  of  ironstone    3  lOj 

Shale  1  0 

Ironstone    1  0 


The  same  author  {I,  cit.  p.  197)  has  given  the  folbwing  details 
respecting  the  ironstone-series  at  Rosedale  cliffs. 

ft.  in.  ft.  in. 

Grey  shales  exposed 12  0  Shale 0  5 

Main  seam  sunk  to  top  Ironstone  0  Ty^ 

block  of  ironstone 2  9  Shale 0  4^ 

Shale 0  8  Inmstono  0  (> 

Bottom  block  of  ironstone  3  1  Shale 0  r>4 

Shale 0  3  Tnmstone  0  7i 

Ironstone  0  3  Shale 0  3^ 

Shale 0  3$  Ironstone  0  bi 

Ironstone 0  (> 

Staithes, — On  the  south  side  of  Brackenberry  Wyke  the  shore- 
line is  paved  with  limestone  nodules  enclosing  Ammonites  nnnufatus ; 
and  in  juxtaposition  may  be  collected  specimens  of  Pecten  cequi- 
valvis  and  other  Middle  Lias  fossils.  The  fault  that  is  here  indicated 
tfirows  up  the  main  seam  to  just  above  high-water  mark,  where,  till 
very  recently,  it  appeared  as  a  low  cliff  penetrated  by  two  d.iy- 
levels  communicating  with  the  Rosedale  Cliff  workings,  an  extensive 
landslip  in  the  winter  of  1S72-3  having  most  completxjly  buried  this 
exposure.  On  approaching  Old  Nab  the  mahi  seam  emerges  from 
beneath  the  talus,  and  at  the  Nab  the  ironstone-series  from  the 
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bottom  Stone  upwards  constitutes  a  conspicuous  terrace,  partially 
submerged  at  lugh  tide,  which  runs  southward  into  the  reentering 
angle  of  Jet  Wyke ;  then,  with  a  considerable  rise-dip,  the  main 
team  gradually  mounts  the  slope  of  the  diff,  and  over  Staithes  has 
gained  an  elevation  of  150  feet. 

The  accompanying  section  of  the  Ironstone  series,  taken  at  Old 
Nab,  differs  in  a  few  minor  details  only  from  that  given  by  Bewick, 
forming  part  of  his  section  of  Penny  Nab ;  but  as  we  desired  litho- 
logical  and  palBBontological  characters  more  in  detail,  we  remeasured 
the  section  at  a  more  convenient  position  for  close  obsen^ation,  with 
the  following  results  : — 


No. 


lithology. 


'  Grey  shales/ 


Thick- 
ness. 


Zone  oiAmmonitea  spinatus. 


Black  micaoeouB  marly  shales 
with  a  row  of  limestone 
balls. 

Laminated  shales 

Friable  sandy  shales,  with 
limestone  nodules  at  the 
bottom. 

Qreyish-brown  marly  sand- 
stone. 


*.). 


Sandv  marl    

Top  block  of  main  seam,  sur 

face    covered    vith    small 

branching  fuooids. 


Shale 

Bottom  block  of  main  seam, 

surfjice  covered  with  long 

tortuous  fucoids. 
Shale 


10.    Ironstone 

11.!  Shale 

12. 1  Ironstone 
18.    Sluile 


14. 


Ironstone 
Shale 


ft.  in. 


1     5 


0  0 

1  G 


0    6 


Fossils. 


3    G 
'.}    0 


1     0 


0    8 


0  4 
0  6 
0  4 
0  G 
0  7 
0  10 


PleuTomya  costata^  Pecten 
aquivalviSf  Pholadomya  cos- 
tata^  Pinna  spathulata. 

Pleuromya  costata,  Rhyncho- 
nella  Hineata, 

Ammonites  gpmatus,  Pleuro- 
mya costata^  Pholado7nya\ 
costata^  Unicarditim  auhglo-' 
bosum,  Pecten  tequkmvis, 
Modiola  scal-pntm,  Limea. 
acuticosfa^  Pn^tocardium^ 
truncatum^  lihynckonella\ 
tctrahidra.  I 

Am.  itpinafu-f,  Pecten  ff'quival-\ 
vis,  P.  hifiu/ari.s,  P.  sub-, 
striatum,  Unicardiumjanf/if,\ 
Pleuromya  rostrata^  Rhyn-\ 
ckottella  lineafa.  \ 


Pholadoun/a  ambii/ua,  Plka- 
fiila  »pi)wsa,  Ostrea  mhmar-, 
garitacea^  lihynchonella  line-, 
ata.  I 


i  lielctnnifes  hreiifor/nis. 

B.   hrcvtfonui»,    Pecteii   fr(nti-\ 
I     Vidris,  Monofi^cyynipea. 


Carried  forward I     17     7 
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\So. 


Lithulogy. 


Tbick- 
ues8. 


Futwila. 


16. 
17. 

18. 
19. 


I           Brought  forward., 
Ironstone  


ft.   in.  I 


17 
0 


Shale    with   a    ferruginotu 
j      parting,  or  narrow  iron- 
stone band. 


Ironstone  ... 
i  Marlj  shale 


0    8 


0    5 
2    6 


Monotisc'/gnipeSj  Arcomya  ar- 

cacea,   Usfrea  sufmuirffarifa- 

I     ceaJih^chottfUatetrukedra, 

Pectcn  «ywit«/t'i>,  P.luHtdarUt 

Monads    Cjftjnipts^     Ostrta 

j      tithmargarifacca,    IHicatula 

spinosa,  liht/nchoneUa  calci-, 

cosfa,  Terefjrafnh  punctata.] 

,  Lii/ia  HermaiMiy  Rhynck'jHelUi\ 

tetraki'dra.  j 

Pec  fen  (fqutvalvis. 


Total 


21     8  < 


!  Zone  of  Am.  niargariiatus. 


20.    Bottom  seam  of  ironstone. 


: ! 

'  For  continuation  of  this  sec-. 
!     tiou  see  p.  107.  I 


The  Ironstone  Berios  is  near  to  the  top  of  the  cliff  overhanging 
the  village  of  Staithes  on  its  south-east  side ;  thence  it  is  traceable  on 
the  sides  of  the  gully  called  Gun-gutter  and  of  its  two  horns,  and 
around  the  flat-topped  elevation,  Old  Stubble  Hill,  overlooking  the 
village  on  the  south.  From  this  point  its  course  appears  to  bo  a 
little  east  of  south,  as  is  proved  by  a  boring  on  tlio  supposed  sit€  of 
Seaton  Church,  and  by  the  drift  of  the  llosedale  mines,  which  opens 
on  the  surface  below  SSeaton  Hill.  In  the  fore- mentioned  bore-hole 
the  stone  was  reached  at  a  depth  of  169  feet  below  a  covering  of 
99  feet  of  Boulder-clay.  The  whole  of  the  depressed  area  which 
has  Dalehouso  for  a  centre  is  so  thickly  covered  with  Ik)ulder-clay 
that  few  exposures  of  any  rock  are  at  all  known ;  and  these  are  limited 
to  the  stream-courses  which  unite  at  Dalehouse :  in  the  two  principal 
western  ones  are  outcrops  of  the  main  seam  of  ironstone.  That  of 
the  southern  one,  the  Rousby  beck,  is  very  limited,  and  is  confined 
to  the  south  bank  of  the  stream  ;  but  that  of  the  northern  ontj, 
Easiugton  Beck,  is  traceable  for  a  much  greater  distance,  and  affords 
a  good  section  of  the  upper  part  of  the  series.     It  is  as  follows : — 


ParJc^  Wood  Section,  Easington  Beck, 

•«  Grev  shales." 

1.  Nodular  argillaceous  limestone  (Phohidomi/a  confata^ 

MonofU  in<^quiralvis) 

2.  Sandy  micaceous  shales 

3.  Band  of  greyish  argillaceous  limest*  me 

4.  Bluish  micacc<>u8  nmrlv  sliale   

5.  Clay-ironstone  dodgers  

G.  Top  block  of  main  seam  of  ironstone    

Ilnrd  black  Hlmle. 


ft.  in. 


8.  Bottom  bLxrk  of  main  se^uu  of  ironstone  . 
0.  Compact  marl. 


0 

4 

4 

0 

0 

G 

o 

1 

0 

2 

»/ 

0 

^ 

4 

o 

3 

K  2 


132 


THE  YOBX0HIBB  LIAS. 


The  lower  part  of  the  section  was  measured  in  an  exploring-drifb 
driven  into  the  ironstone  seam  on  the  north  hank  of  the  stream, 
near  hy  the  <' foot-bridge ;"  the  stone  here  forms  a  conspicuous 
terrace,  and  may  be  traced  to  the  west  till  it  is  intersected  by  the 
beck.  Here  a  cliff  of  moderate  elevation,  on  the  south  side  of  the 
stream,  has  afforded  the  upper  part  of  our  section.  This  section  is 
an  excellent  illustration  of  that  general  law  regulating  the  distribu- 
tion of  the  various  mineral  matters  of  the  Ironstone  series  which 
we  have  established,  as  may  be  judged  by  comparing  it  with  those 
of  Bockcliff,  Staithcs,  and  Kcttleness. 

From  the  exposures  in  Easington  Beck  to  the  Boulby  Cliffs  at 
Boulby  the  ironstone  is  hidden  by  the  Boulder-clay ;  but  several 
borings  in  the  intcrveniug  space  give  us  the  course  of  its  preglacial 
outcrop.  The  main  block  of  ironstone  appears  in  the  face  of  the 
cliff  at  Boulby ;  and  thence  the  several  hard  bands  in  the  scries  form 
conspicuous  crags  and  terraces  (see  woodcut),  which  are  interrupted 

Fig.  4, — Section  of  the  Ironstone  Series  at  Boulby, 


by  the  boulder- covered  depression  between  the  western  extremity  of 

the  Boulby  Cliffs  and  Hummersea,  where  again  the  main  seam  and  its 

subordinate  beds  form  the  top  of  the  cliff  beneath  a  capping  of  clay. 

A  detailed  section  of  the  Ironstone  series  of  llockcliff  or  Boulbv 
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Cliff  was  measured  along  the  footpath  on  the  cliff-face  leading  down 
from  the  hamlet  to  the  shore.     It  is  as  follows : — 

"  Grey  shales"  passing  into  ft.  in. 

1.  lAminated  shale-like  jet -rock 1  9 

2.  Friable  shale  with  yeUow  efflorescence  2  3 

3.  Line  of  nodules  {Pholadom^a  ambigu^) 0  2 

4.  Hardshale 3  9 

5.  Lenticular  masses  of  fine-grained  sandy  limestone  0  8 

6.  Ferriferous  shale 1  3 

7.  Top  block  of  main  scam  3 

8.  Shale  with  impure  ferruginous  lumps   1  4 

9.  Impure  ironstone,  1ft.  Gin.,  passing  into  ferrugi- 

nous mudstone 4    0 

10.  Hardshale 1  11 

11.  Argillaceous  ironstone-seam    0    6 

12.  Hardshale    0    7 

13.  Impure  ironstone-band   0    7 

14.  Shale.... 0    G 

15.  Impiure  ironstone  in  two  bands "1    x»  **  (  0  11 

16.  Shale j.  Bottom    1^    3 

17.  Impure  ironstone  in  two  bands J      *^™      I  0    9 

18.  Hard  shale  with  occasional  doggers  ( Monotis  cygnipeB^ 

Pecten  (Bquivalvis) 1  6 

19.  Softer  shale   3  0 

20.  Ironstone  doggers 0  5 

2L  Soft  laminated  shale 6  9 

22.  Small  nodules  0  1 

23.  Shale 5  0 

24.  Ironstone-dogger  seam 0  6 

25.  Shale.... 13  6 

26.  Seam  of  ironstone  dogger    1  0 

The  section  of  the  series  at  Hummersea,  <fec.,  in  the  Skinningrove 
mines  is : — 

"Grey  shales."  ft.  in.  ft.    in. 

1.  Smooth  hard  shale   6    0 

2.  Dogger  ironstone 6-4  in. 

3.  Sulphur  band    « trace, 

4.  Top  block  of  ironstone 2    0" 

f).  Softer  ironstone 2    0 

().  Hard  argillaceous  ironstone 1  6      >  10    0 

7.  Ironstone  of  good  quality    4  0 

8.  Ironstone  inferior 0  6^ 

9.  Hard  green  shale,  and 

10   Shale  witli  thin  alternating  bands  of  iron  doggers       5    0 

11.  Shale 4    0 

12.  Bottom  seam  of  ironstone   1     4 

The  ironstone  scam  dips  to  the  southward  from  Hummersea ;  and 
exposures  of  it,  at  low  elevations,  occur  on  the  right  bank  of  the 
stream  a  little  to  the  south  of  the  village  of  Skinningrove.  It  is  not 
exposed  on  the  west  side  of  the  valley,  being  covered  up  with 
Boulder-clay  to  a  considerable  depth:  and  the  plateau-like  area 
thence  towards  Brotton  and  HuntclifF  is  similarly  encumbered,  there 
being  only  one  outcrop  of  the  ironstone  between  these  points, 
namely  in  Cattersty  gully.  But  the  operations  now  being  carried  on 
for  the  exploitation  of  the  ironstone  at  Carlinghowe  and  Craghall 
have  furnished  the  data  requisite  for  the  insertion  of  its  outcrop  in 
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the  map.  Tho  stone  is  again  seen  at  the  verge  of  Hnntcliff ;  thonce 
for  two  miles  its  course  is  only  known  by  subterranean  explorations 
and  borings,  and  for  a  like  distance  it  is  conjectural.  Two  outliers 
of  the  ironstone  are  situated  to  the  north  of  the  main  mass ;  these 
are  a  narrow  strip  on  the  south  side  of  Skelton  Beck,  opposite  to  the 
other  one  of  Hob  Hill  on  its  north  side.  Each  of  these  outliers 
presents  a  bold  outcrop  fronting  and  overhanging  the  stream.  The 
steep  faces  of  this  ravine  have  afforded  us  the  section  below.  The 
area  of  the  Hob-Hill  outlier  is  accurately  defined  by  the  mine-work- 
ings, that  of  the  other  by  borings  and  drifts,  which  go  far  to  show 
that  this  small  patch  of  stone  crowns  the  crest  of  the  ridge  which 
divides  the  ravine  of  Skelton  Beck  from  a  parallel  one  now  filled 
to  the  top  with  Boulder-clay.  A  small  outlier  of  the  bottom  seam 
is  situated  a  few  yards  east  of  the  Skelton-Bcck  viaduct. 

Itetuming  to  the  main  mass,  a  natural  outerop  of  the  ironstone  is 
by  Skelton  Beck,  situated  about  300  yards  to  the  south-east  of 
Upleatham  church. 

Sedition  of  the  Ironstone  Series^  Sl-elton  Beck,  Salthum, 


No. 

Lithology. 

Thick- 
ness. 

Fossils. 

Grey  shalea.                      ft.  in. 

ft. 

in. 

1. 

Hard  laminated  shale...  0     9 
Calcareous  shale 0    3 

1 

0 

2. 

Main  seara — 

Dopger.  a  compact  nr- 
gillttceous    ironstone 
with  scattered  grains, 
zinc-blende I     3 

Dogger,  a  bluish  fme- 
|rruined    argillaceous 
ironstone 0     0 

Sulphur  band    0     3 

Ironstone  «)     3 

11 

(; 

Pe^^fen  aquivalHs, 

15.  1  Shale  with  three  iron-bands. , . 

ry 

0 

Seen  at  the  viaduct. 

4. 'Sluilo  

5 

(> 

5. ;  Bottom  seam,  a  finely  granu- 

2 

9 

Limea  acvfirosfa,  Pecftn  sitb- 

]      lar  ironstone. 

striafus,  Cardinia  la>vis. 

0. 
7. 

Shale  

18 
0 

9 
3 

Nodules     of     clay-ironstone. 

showing    concentric    struc- 

ture and  veined  with  iron- 

pvrites. 

8 

Shale 

1 

1 

0 
9 

i    ^■ 

Concretionary     ironstone     in 

Arcomya  arcacra,  Per  fen  htnu- 

i      thin  bands',  zinc-blende. 

hris,  Protocardium  trunca- 

10. 1  Shole    with    argillaceo-ealca- 

ht»i,      PHcafvla     spinosa 

1      roous  ironstone. 

Phurojnya  cosfafa. 

1              "Dnarrrr  nt  Imsp   

18 

0 

:  1^- 

Soft  vcllow  sandstone  

0  10 

Carried  forward 

m 

4 

jrrti-M'^pr 


'  :m.>^ 


IT     ^LJtf 

14.    •jr-T  Mc.fr  tisfc^.-j*  fcM'-* 


r  o*  :«>Lt.    Ci.-a«  caHj  :';•*- 


■'.  '  ."■  iv  i"  ■«».:  ■■  I  ^  3V.'  ".••■/*  t  •  ■.< 
}S    ■   -.<  '■■■   ■:■.::■'■  s.   .■-,. 


r.ci. 

17.    Hird  f*rr:-3k:.-::*r  u*  aars.l- 


I?.    FlAeu  s>nd«:..-n«#.  and  xnarU 
wTin  claT-:r:  r.s'or.e  ball.*. 


19.  Hard  bl^ie  arenaceous  lime-     0    4 

*Toae. 

20.  Yeli'jw  sandstone 0    .'I 


2 1 .  Sandy  shales,  calci f eroun  sand- 

stone,  and    tlaggr  ar^ilbi- 

ceijUM  tanditonn.     (The  in- 

diridual    bed?  of   TariabU* 

thicknesa    and    degrees   ol' 

i      hardness.     The  harder  ones 

£alfie-beddecl.     some    clay- 

i      ironstone    nodules    in  tlie 

I    'argillaceous  rocks.)  I 

22.  SandV  shales.  I 


\^    0 


.*':  .■-  -^  .:V    .■«■■«.«..■     .■■»•.., "XV 

t -  "yy  \.;\:  .".   x  v*  -c. 
rv:.:*'-  ■■._■:.■.■"; :^.    .  ,V  *f .rtjn 
r:S'^.. ; •»:  r..*.  .'«»:',:  /  -,::■  >  a:. 

iV." .V"»  .:\'  I '«.'{•♦.«.  t'"»>X\*i^.' 
yru  '4,  , 


17  .'«/i •  f l'4l«  f /,<.      /  V.N  .'i!,'l  f .  •.■!     y « - 

(onmheil). 


Total  thickness   <>l   11 
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The  above  section  is  compiled  from  several  stations^  though  the 
steep  sides  of  the  stream-course  present  the  full  series  of  beds  from 
a  little  below  Skclton  Mill  to  Marske  Mill. 

The  position  of  the  ironstone  round  the  east  and  north  faces  of 
Upleatham  Hill,  and  as  far  as  Throstlenest  on  the  west,  is  deter- 
mined by  the  underground  workings  of  the  Upleatham  mine.  On 
the  west  side  of  the  hill  an  east-and-west  fault,  with  a  downthrow 
to  the  south,  shifts  the  outcrop  to  within  half  a  milo  of  the  village 
of  Dunsdalc.  This  fault  forms  part  of  the  northern  boundary  to  an 
extensive  area  of  ironstone,  which  is  limited  also  by  a  fault  on  tlie 
south.  This  depressed  ironstone-field  is  thickly  covered  with  Boul- 
der-clay ;  and  in  preglacial  times  the  stoue  formed  here  a  surface- 
rock  of  considerable  extent,  passing  under  the  Ujipor  Lias  on  the 
west,  but  probably  separated  from  the  Upleatham  stone  on  the  east 
by  a  valley  excavated  to  near  the  level  of  the  lower  margaritatus^ 
beds,  the  boundaries  of  which,  however,  are  not  accurately  known  ; 
nevertheless  the  numerous  boreholes  that  have  been  put  down  leave 
very  little  room  to  doubt  the  extent  of  the  area  denuded  of  Upper 
Lias  strata,  as  mapped  by  us  ;  but  the  extreme  north-western  boun- 
dary of  the  field  is  conjectural. 

A  section  of  the  stone  measured  in  the  workings  of  the  Dunsdnle 
mine  is  as  follows : — 

ft.  in. 

Boulder-clay 90    0        Evidontly  n  portion  of  tlie 

])o^ger-band    0    8  dogger  or   top  band  has 

Main  seam    10    0  been  denuded  off. 

"Black  hard"  at  the  base. 

On  the  north  side  of  the  Dunsdalc  fault  the  line  of  outcrop  is 
taken  up  at  the  exposure  on  the  north  bank  of  Moordale  Beck,  a 
quarter  of  a  mile  to  the  south-west  of  Court  (Jreen  ;  thence  it  leads 
us  northward,  the  main  seam  crowning  Level  Hill,  thence  by 
numerous  exposures  to  the  present  outcrop  workings  of  the  Eston 
mines,  and  westwards  to  those  of  Xonnan]>y.  On  the  latter  royalty, 
by  a  complication  of  faults,  there  is  no  outcrop  on  its  north-west 
boundary ;  on  the  south  and  the  east  sides,  however,  it  is  visible  at 
the  surface,  and,  though  much  disturbed,  may  be  traced  by  West 
Upsall,  till  it  is  cut  oft'  by  a  fault  coursing  from  the  Up^?all  sandstone- 
quarry  in  a  south-westerly  direction.  This  fault  is  a  deflection  of 
the  one  which  extends  along  the  south  side  of  the  Eston-Hill  range, 
throwing  down  the  lower  sandstones  of  the  Inferior  Oolite  on 
its  north  side  to  the  level  of  the  Ironstone.  However,  denudation 
has  removed  all  the  Oolite  and  Upper  Lias,  and  much  of  the  Iron- 
stone on  its  southern  side,  a  few  patches  of  the  nutin  seam  being  left, 
by  which  we  are  enabled  to  track  the  line  of  the  fault,  and  to  mea- 
sure the  amount  of  its  throw.  The  course  of  the  fault  continues 
east,  making  the  southern  boundary  to  the  Thornton -Fields  estate, 
previously  described,  having  an  outlier  of  ironstone,  tbat  of  Tocketts 
Hill  to  tlie  south. 

In  the  map,  we  rei)rcsent  this  fault  shifting  the  outcrop  of  the 
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main  maas  of  the  Ironstone  on  its  south  to  a  considerable  distance 
to  the  east ;  but  the  actual  course  of  the  stone  between  this  fault 
and  the  Waterfall  fault  to  the  south  is  not  known.  But  the  work- 
ings of  the  Skelton  mine,  situated  on  the  south  side  of  the  last- 
mentioned  faulty  enable  us  to  insert  the  course  of  the  stone,  which  for 
a  considerable  distance  is  covered  with  Bouldcr-clay.  A  roadside- 
cutting  between  Spa  Gill  and  Slapewath  displays  the  main  scam ; 
thence  it  is  traceable  to  where  it  crosses  the  gill  at  Slapewath 
Bridge,  there  producing  a  small  waterfall. 


Slnpexmih-Mine  Section  (communicated  by  W.  Charlton,  Esq.). 

ft-  in. 

Dogger  roof   1  G 

Top  block  of  ironstone 3  0 

I)ogg«T    2  0 

Bottom  block  of  ironstone   4  0 

10    <*i 

To  the  cast  of  Slapewath  Bridge  the  ironstone  is  covered  up  with 
**  grey  shales'*  and  Upper  I.ias,  which  occupy  a  broad  bay  in  which 
are  situated  the  mines  of  Boosbeck,  South  Skelton,  Hazelgate,  and 
Margrove  Park,  the  surface  of  the  ground  consisting  to  a  large  extent 
of  Boulder-clay  and  peat,  beneath  which,  in  the  vicinity  of  Margrove 
Park,  the  Uppcr'Lias  has  been  denuded,  as  determined  by  the  mine- 
workings,  thus  producing  an  inlier  of  Middle  Lias. 

The  mine-section  at  Margrove  Park  is  as  follows : — 


n 


ft.  in. 

'  Dogecr    1    0 

Sulphur  band 2     3 

Main  Boam  «<  Ironstone 3    (5 

I  Ironstone  dogger 1     (> 

^Ironstone    3    0 

11     3 

From  Slapewath  to  Kildale  the  course  of  the  main  scam  may  be 
traced  almost  foot  by  foot,  by  the  aid  of  the  mining-works  to  the 
south  of  Spa  Gill,  embracing  those  of  the  Branch  and  Spa-AVood 
mines ;  thence  by  small  exposures  and  other  indications  we  trac^  the 
stone  with  a  gradual  rise  to  tlio  south-west  to  the  bared  iace  of 
stone  in  the  South-Belman  and  Belman  mines. 

The  railway-cutting  at  Spa  Wood  displays  a  fine  section  of  the 
bottom  seam  of  ironstone,  which  contains  a  profusion  of  Gresslya 
intermedia  in  the  position  of  life,  and  large  examples  of  Fecten  cFqui- 
valvis,  Monotis  cyfjniptSy  and  Lima  Het*manni, 

An  average  section  in  the  Belman  mines,  as  given  by  Mr.  Marley 
(loc,  cit.  p.  194),  is  as  follows  : — 
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ft  in. 

Dogger  band 1    0 

Shfle 0  lOi 

Dogger  band    0    4| 

Sulphurband  0    9  ^ 

Top  block  of  main  seam 3    5^ ' 

Dogger  band 1  11 

J3ottom  block  of  seam 1  10 


ft.  in. 
Boof  3    Oi 


►  Working-eection  7    2 J 
Total 10    2i 


Numerous  artificial  and  natural  exposures  conduct  us  through 
Spring  and  Highcliff  Woods  to  the  abandoned  mines  of  Hutton  Low 
Cross  ;  here  the  Ironstone  series  consists  of : — 

ft.  in. 
"  Grey  shales.'* 

1.  Bluish  ferruginous  limestone  in  two  irregular  bands  1  6 

2.  Ilardshjilo 0  9 

3.  Thin  band  of  stone,  as  No.  1 0  8 

4.  I nm stone  block    3  5 

5.  Shale 0  5 

0.  Ironstone  block 2  8 

7.  Shale 0    8 

8.  Ironstone  dogger  band    0    4 

9.  Shale 0    8 

10.  Ironstone  dogger  band    0  3 

11.  Shale 0  3 

12.  Ironstone  dogger  band    0  3 

13.  Shale 0  3 

14.  Ironstone  dogger  band 0  6 

15.  Shale i 0  3 

16.  Ironstone  dogger  band 0  4 

17.  Shale 0  4 

18.  Ironstone  (bottom  scam)  with  thin  shale  partings 

{Am.  margarifafii^,  Lima  Hermanni^Pecten  tpqui- 
fKilvis,    Monofis  cygnipes,  Phofadamf/a  amhigita, 

GreAsIi/(P,  Pfeuromi/a  cosfafa,  Cardinia,  &c.) 3  2 

10.  Sliale..; .: 2  0 

20.  Fcrro-argillaceous  limestone   0  4 

21.  Shale... 0  2 

22.  Ferro-argilluceous  limestone  1  0 

Hence,  by  the  Hanging  Stone,  the  stone  is  traced  to  Roseberrj^ 
around  which  it  forms  a  small  ridge  and  attains  to  the  elevation  of 
735  feet.  Dy  this  minor  feature  which  it  now  makes  on  the  sur- 
face of  the  country,  aided  by  occasional  exposures  and  exploring- 
drifts,  it  may  be  uninterruptedly  followed  to  the  Kildale  mines.  An 
isolated  mass  of  ironstone,  capped  by  *'  grey  shales,"  crowns  the 
highest  point  of  Cliff  llidge  ;  it  is  here  partially  cut  through  by  the 
basaltic  dyke,  which,  however,  has  not  penetrated  it  on  the  eastern 
extremity  of  the  ridge,  and  has  in  no  way  changed  its  outward 
appearance.  The  ironstone  is  seen  in  close  proximity  to  the  dyke  in 
an  old  qujirry  near  Bank  House. 
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Section  in  the  Kilddle  Workings  (communicated  by  Mr.  J.  Hodgson). 

ft.  in. 
Sulphur  bond,  irregular,  averaging 0    6 

Top  stone  2    ft 

Shale  1     3 

Bottom  stone 1     7 

Total  of  main  seam 5    4 

The  stone  still  retains  some  oolitic  structure,  but  seems  to  be 
mixed  largely  with  argillaceous  matter  in  lumps,  or  doggers  of  vari- 
able size.  The  former  part  weathers  into  a  gravel,  and  the  latter 
inte  brown  haematite  casings,  containiug  clay  in  the  interior,  the 
diffused  ferruginous  matter  of  the  hard  clay  ironstone  doggers  having 
in  the  process  of  weathering  transfused  to  the  exterior  to  form  the 
case  or  box,  the  argillaceous  portion  remaining  as  a  soft  clayey 
mass.  The  fossils  collected  here  arc  comparatively  few  in  number, 
both  as  regards  individuals  and  species  ;  and  none  of  them  are 
characteristic  forms  of  tho  main  seam.  The  list  includes  Pccten 
asquivalvis,  Monotis  •  incequivalvis,  Ostrea  suhinargaritacea,  Gresslya 
intermedia,  Frotocardiutn  truncatmn,  Liniea  acuticosta,  liynchonella 
tetrahedra,  Tei'ebratvda  punctata^  Bvhmnitcs  brevifonnis. 

From  the  Kildale  mines  there  is  no  exposure  of  the  ironstone 
till  we  reach  the  neighbourhood  of  Ingelby  (irc^nhow ;  here,  on  the 
st^ep  slope  fronting  Ingelby  Moor,  on  the  west,  openings  have  been 
made  on  the  main  seam  for  a  distance  of  half  a  mile,  including  the 
abandoned  mine  of  Ingelby  Manor,  situated  in  Park  Plantation. 
The  stone  and  jet-rock  both  exhibit  a  steady  rise  to  tho  south-west. 
The  section  afforded  by  Ingelby  Mine  has  been  communicated  by 
Mr.  G.  Lee,  and  is  as  follows  : — 

ft.  in. 

Sulphur  band 0    2  to  Bin. 

Top  block  of  st^ne,  superior  quality   0  10 

Middle  block,  a  shalo  full  of  ironstone  nodules...     5     0 

Bottom  block 2     0 

ft.  in. 

Total  8    OteS    4 

We  next  meet  with  a  trial-opening  on  the  ironstone,  immediately 
on  turning  south  into  BiLsdale,  on  the  east  side.  The  vortical  sec- 
tion is  of  limited  extent,  but  reveals  a  stone  of  much  the  same 
character  as  that  at  Ingelby  Manor  ;  it  contains  a  few  organisms,  in- 
cluding Ammonites  spinatus,  Pecten  asquivalvis,  Monotis  incequivalvis^ 
Gresslya  intermedia,  Ledu  suhovalis,  Pleuromya  costata,  Protocardium 
truncatum^  and  Macrodon. 

The  stone  has  here  attained  to  an  elevation  of  900  feet ;  but  from 
this  point  it  stoadily  declines  to  the  south  along  the  trend  of  tho 
valley.  In  the  northern  half  of  the  dale  the  ironstone  is  almost 
continuously  visible  at  the  surface,  from  the  stono  bands  breaking 
up  into  a  ferruginous  gravel ;  it  has  been  opened  upon  between 
West  Park  and  Urra. 
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In  the  Bouthem  half  the  exposures  are  less  numerous ;  and  south  of 
Stingamire  its  position  can  only  he  traced  along  the  west  side,  hy  heds 
ahove  and  helow  it,  though  it  is  said  to  have  heen  occasionally  seen 
in  the  stream  at  its  southernmost  limit.  However,  hy  Beacon  Guest, 
and  also  about  a  quarter  of  a  mile  to  the  north  of  it,  some  20  inches 
of  stone  may  be  seen,  and  the  junction  with  the  "  grey  shales  " 
traced  to  beneath  Stingamire  Crag.  On  the  oast  side,  besides 
several  small  indications,  the  following  section  is  exposed  at  Apple- 
tree  Hurst : — 

ft.  in. 

1.  Shale 2  0 

2.  Ironstone  boxes 0  4 

3.  Shale 1  8 

4.  Ironstone  {Pecten  mquivalvis) 1  0  to  1  ft .  .Sin. 

5.  Black  shale,  with  doggers    \\  G 

6.  Ironstone  boxes 0  3 

7.  Micaceous  sliale about  4  0 

8.  Fm»Tl\iero\i»\Ti}n%tone  {Pecten  eequivahin)  0  8 
tt.  Shale 3  0 

In  Kaisdole,  which  is  a  confluent  valley  with  Bilsdale,  an  opening 
has  been  made  in  the  main  seam  at  Ilcd  Way,  on  the  roadside, 
descending  to  the  beck.     The  section  is  as  follows : — 

ft.  in. 

Shales  (much  exfoliated). 
•           Irontitone,   with  a  Liyer  of   ferruginous 
doggers  atop  and  below.    Tlie  weathered 
argillaceous-ironstone  balls  show  much 
impurity  in  their  mass 2    8 

Shale  1     5 

Ironstone  with  a  layer  of  argillaceous  iron- 
stone doggers  atop 1     9 

Shale. 

There  is  an  exposure  on  the  road-side  just  above  High  Crosslcts  ; 
and  adjacent  thereto  an  opeiiiii«2:  has  been  made  int^o  it. 

The  Ironstone  series  is  readily  traceable  along  the  slope  of  the 
western  side  of  the  northern  half  of  Bilsdale,  by  various  exploring- 
levels  and  natural  exposures ;  but  no  good  sections  are  known  to  us. 
It  also  crops  out  at  tlie  western  head  of  Bilsdale  and  in  front  of  the 
oolitic  outlier  of  Cnnglcy  ^Eoor,  here  attaining  its  greatest  elevation 
of  lOOO  foot  above  sea-level,  and  is  well  ex|)0sed  in  the  steep  sides 
of  the  beck,  beloAV  the  farm  of  Staindale,  in  tlie  noi-thern  part  of 
llaisdale. 

It  is  well  displayed  in  the  face  of  the  escarpment,  which  extends 
from  Cliarlton  Moor  to  Whorlton  IMoor,  and  into  which  trial-openings 
have  been  made.  It  is  throAvn  to  a  low  level  by  the  fault  which 
courses  by  Swainby  across  Whorlton  Moor,  and  is  mined  by  drifts 
at  Iluthwaite  near  Scugdale  End.  "NVhorl  Hill,  which  is  an  outlier 
of  Oolite  and  Upper  Lias,  presents  a  st(*ep  front  to  the  east ;  but  the 
slope  is  not  so  iibnii)t  on  the  other  sides.  Hereon  are  two  conspicu- 
ous and  concentric  terraces :  the  upper  one,  at  a  nearly  uniform 
level  of  575  feet,  is  most  certainly  made  by  the  jet-rock  ;  the  other, 
at  525  feet,  is  doubtless  formed  by  the  ironstone.     There  are,  how- 
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ever,  no  exposures  of  the  stone,  though  its  presence  is  indicated  by 
the  oolitic-ironstone  gravol,  which  reposes  on  the  lower  terrace  at 
the  northern  boundary  and  adjacent  to  the  wood. 

At  the  north-east  entrance  into  Scugdale  the  Ailcsbury  mines 
show  the  following  sections  (communicated  by  Mr.  Bell,  resident 
manager)  : — 

N.  workings.      S.  workinge. 

ft.  in.  ft.  in. 

Siliceous  dogger 2    0 

Sandy  flaggy  sliale  (roof) 0  10 

a  Dogger    0    2  0     2 

/3  Ironstone  mixed  with  <Joggcr  (top  block)  ...     ;i    0  2  10 

rShale  0     2  0     2 

"[    1  Dogger    0    8  10 

S  llard  green  ferruginous  sliale  (bottom  block)     12  12 

Hard  calciireouM  sliale  t)     2 

Marly  shale    15     0 

Ironstone  (bottom  seam)  1     8 

There  is  no  outcrop  tiU  after  passing  Scugdale  Hall ;  thence  the 
ironstone  may  be  traced  as  a  gravelly  terrace  to  the  stream-course, 
on  the  west  side  of  which,  at  an  elevation  of  from  800  to  825  ft.,  is 
the  following  instructive  section : — 

ft.  in.                                                        ft.  in. 

Ironstone  dogger 1  0  j3  Ironstone Oil 

Sliale 2  7  y  Dogger  with  some  shale      Oil 

Dogger 0  3  RShale 2    0 

Shale 3  5            Ferruginous  dogger 0    4 

a  Dogger 0  7            Sliale 7    0 

The  beds  in  the  foregoing  sections  with  the  same  letters  prefixed 
are  considered  to  be  conterminous. 

Its  range  throughout  the  rest  of  this  dale  has  been  mainly  deter- 
mined by  that  of  the  overlying  jet- rock,  which  is  extensively  mined; 
but  it  is  laid  open  to  view  along  the  western  side  as  far  as  the  Scarth- 
Nick  fault,  having  been  in  past  years  wrought  along  a  considerable 
line  of  its  outcrop.  We  have  already  given  a  section  of  the  series 
in  this  part  of  its  course,  taken  from  Mr.  Morlcy's  paper.  The 
greater  development  of  the  stone  here  as  compared  with  Scugdale 
Head  is  consistent  with  our  deductions  concerning  the  south-east 
attenuation  of  the  main  stone. 

No  exposures  are  known  after  leaving  Scarthnick,  going  south, 
till  Mount  Grace  is  reached.  Here,  on  the  sloping  ground  sup- 
ported by  the  escarpment  of  the  mart/a ritatus-Bandatonos,  are  two 
terraces,  one  of  the  jet-rock,  the  other  of  ironstone ;  the  latter  is 
traceable,  and  glimpses  of  its  nature  revealed  by  rabbit-burrows  and 
field  operations,  as  far  as  Wcstfield  House,  near  to  Osmotherley.  A 
band  of  ironstone  is  said  to  have  been  proved  between  the  jet-rock 
at  the  base  of  Osmotherley  Alum -works  and  the  sand  shales  of  the 
margaritatus-Benos  forming  tlie  waterfall  in  Cod  Beck.  South  of 
this  place  the  Middle  Lias  is  generally  concealed ;  but  the  boring 
made  at  Feliskirk  revealed  a  much-diminished  thickness  of  the  beds 
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forming  the  upper  part  of  the  Middle  Lias,  and  the  poverty  of  fer- 
ruginous matter  in  this  portion  of  the  lias  series  (see  section). 

Af(;er  passing  Thirsk,  the  next  indication  of  ironstone  appears 
in  the  railway-cutting  just  south  of  Sessay  station ;  the  beds  are 
now  only  exposed  in  the  waterway  at  the  side,  but  reveal  ferrugi- 
nous sandstones,  probably  of  the  mari/aritatus-senca,  rough  irregular 
stone,  not  giving  any  satisfactory  indication  of  ironstone,  followed 
by  shales  of  the  annulattbs-scriea^  and  these  by  jet-rock.  The  section 
is  only  instructive  as  showing  the  succession  of  the  beds  hei'e ;  and 
it  can  warrant  no  conclusion,  except  that  the  ironstone  is  not  in  great 
force.  The  junction-line  of  Middle  and  Upper  lias  running  cast 
and  west  leads  us  to  look  for  the  ironstone  as  iK)S8il)ly  further  to  the 
west.  Accordingly,  on  examining  a  liill  visible  from  this  cutting 
(Barf  Hill),  we  find  good  indications  of  it  and  the  probability  that  it 
is  at  least  of  fair  thickness.  On  the  north  side  of  this  hill  the  whole 
ground  is  covered  with  ironstone  fragments ;  but  they  are  at  the 
same  time  so  localized  as  to  afford  some  evidence  of  the  succession 
of  beds,  which  is  as  follows : — 

Lithology.  Fossils. 

Rough  sandy  burd  shale No  fossils  found. 

r Jjelcmnites  pajcillosus,  B.  hre- 

viformi^,  Pkuromya    rosfrata^ 

Leda  ffalathca,  Pecten  substri- 

atus,    Cardinia  sp.,    Rhyncho- 

jnella  tcfrahedra. 

Shale  (?)  giying  no  indication  on 

the  surface,  25  paces. 
Ferruginous  red  sandstone,  23  paces Lvna  Hermann  i. 

It  is  difficult  to  ascertain  their  dip ;  but  thoy  strike  across  the 
slanting  hill-side  in  a  direction  AV.X.AV.,  and  are  at  the  extreme  end 
of  a  tongue  of  Middle  Lias  which  runs  out  AvestAvard,  (•(niiiccted 
witli  the  before- mentioned  exi)()sure  of  Lower  Lias  at  Topclilie.  An 
analysis  of  the  upi)er  series  of  ironstone  gave  a  i)ercentage  of  2i)  of 
metaUic  iron. 

The  ironstone  of  this  tongue  is  also  known  at  Little  Sessay  by 
well-sinkings,  wlience  BhynchmtUa  Uirnh'dra  has  been  obtained 
in  it.  From  tlience  it  jiasses  to  Easingwold,  at  the  workhouse  of 
which  it  was  met  \N'ith  in  a  well-sinking,  where  it  was  said  to  be 
more  than  2  feet  thick  ;  a  terrace  below  this  is  probably  due  to  its 
presence.  It  was  likewise  met  with,  ])ut  at  a  much  lower  level,  in 
a  boring  made  for  coal  a  little  to  the  east  of  this,  near  llaver- 
thwaites  House,  of  which  we  have  been  unable  to  obtain  any  account. 
Here  it  is  of  a  blue  oolitic  appearance  and  contixius  lUii/ncItontlla 
ktraJiCifra,  Ironstone  beds  of  no  ini])ortance  also  appear  to  surround 
a  snuill  outlier  of  Upper  Lias  in  the  same  neighbourhood,  called 
Howe  Hill.  After  this  no  more  is  seen  of  it  in  this  district ;  like  all 
the  other  beds,  if  present,  it  is  covered  entirely  by  Boulder-clay. 

In  the  southern  area,  liowever,  as  tlie  various  membei*s  of  the 
Lias  come  to  be  uncovered,  it  appears  again.     The  first  place  is 
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WhitehiU  Dale,  a  valley  between  chalk  hills  near  Millington;  and 

tmected  with  it  is  an  exposure  in  the  next  aimilar  valley  to  the 

^^'^      Here  a  blue  oolitic  ironstone,  very  similar  to  that  of  Cleve- 

i^^H  akirts  the  road  on  the  east  of  the  stream  for  some  way  ;  it  is 

tSweenl  ft  and  2  ft.  thick,  and  is  interetratified  with  soft  shales ; 

^e  onlv  satikactory  fossU  it  has  yielded  is  RhymhoMlhi  tetrah^ra, 

h*  h  seems  to  be  its  most  constant  companion.     It  was  also  met 

I[^  at  a  well-sinking  in  the  village  of  Millington.      From  the 

\«ximitv  of  the  Lower  lias  in  this  locality,  as  well  as  in  other 

Wlities  to  be  mentioned,  the  remainder  of  the  Middle  Lias  would 

^^  to  be  here  feebly  developed,  and  the  upper  portion  to  be   its 

c^^representetive,  tiU  we  reach  the  lowest  part,  the  zone  of^. 

*"^The*next  exposure  is  one  near  Market  Wcighton,  on  the  ^>o^th- 
Dalton  road,  a  section  of  which  is  as  follows  :-. 

1  ,  Thick-  '  „     ., 

Lithology.  ne«.     ;  FomiR  j 


ft.  in.  I  I 

PKidk  and  rod  chalk-rubble.  I 

iSSt    ironatone    with    scattered     2     6      Ammonites  sptnafus,  Belemnites 

~^^^g  gmixis,  like  bastard  stone  \      bre^'iformi\(htr€asuhmargari'^ 

of  Cleveland.  ^^^'^^^  PUcafula  minosa,  Pec- 

fni  (tqiiiralrh,  P.  htmilaris,. 
Prof(tcardium  fruncafnm^  Pieu-' 
wmya  coitfafa^  GrestJya  inter- 
vtedia,  Phtladomi/a  ambigua^' 
Arcomi/a  longa,  Limea  acuti-^ 
costa^  iihynchoneUa  tetraAedra.\ 


Ferruginous  concentric  balls  with     0    4 
!     blue  limestone  centres, 
i  Mottled  clay 


0    0 


iBlueclay   *    " 


(More  unseen.) 


These  beds  arc  dipping  "  apparently  *'  to  K.X.E. ;  the  ironstone 
atop  being  covered  by  the  chalk  debris,  may  not  present  its  full 
thickness,  but  may  be  denuded. 

To  the  south  of  this,  where  the  Lias  finally  parts  company  with 
the  chalk,  the  spinatus-hcda  may  be  pretty  continuously  traced  to 
the  Humber.  The  slight  terrace  which  it  forms  running  south 
to  Houghton  Hall,  has  its  nature  revealed  at  a  magnificent  spring, 
the  Caldwell,  near  Sancton.  Quito  a  stream  rushes  out  here  from 
the  crevices  of  a  thick  rock  bed,  certainly  not  less  than  3  feet,  pro- 
bably more.  We  have  not  succeeded  in  obtaining  fossils  from  this, 
as  the  amount  of  debris  is  very  small ;  but  there  is  no  mistaking 
the  stone.  The  large  amount  of  water  may  be  duo  to  the  existence 
of  a  fanlt  here,  which  brings  down  the  Ui)per-Lias  clay  against  it ; 
and  moreover  tbe  beds  dip  towards  the  spring ;  on  the  south  side  of 
the  fault  it  is  met  with  as  a  water-bearing  stratum  at  a  depth  of 
30  feet  in  a  village  well,  a  depth  due  partly  to  the  dip  and  partly 
to  the  throw  of  the  fault.  The  stone  is  again  seen  at  a  spring 
feeding  the  ornamental  water  of  Houghton  Hall ;  but  it  is  not  quite 
certain  that  this  belongs  to  the  same  bed  as  at  Caldwell.     From 
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hence  we  pass  nearly  three  miles  before  seeing  another  exposure ;  and 
this  is  an  unsatisfactory  one — by  the  road-side  leading  from  South 
Newbald  to  Hotham,  where  numerous  ferrous  boxes  exactly  similar 
to  those  at  South  Dalton  road  occur.  A  well-marked  feature,  how- 
ever, begins  here  to  be  formed  by  it ;  and  in  this,  near  the  road 
leading  east  from  Hotham  Hall,  the  construction  of  a  cistern  has 
enabled  us  to  see  the  nature  of  the  stone,  though  no  record  was 
kept  of  the  thickness  of  the  beds.  Among  the  debris  thrown  out 
are : — 1st,  strong  limestone,  the  nearest  approach  to  marlstone  ;  2nd, 
rather  ferruginous  sandstone  ;  3rd,  sandy  flaggy  layers ;  4th,  blue 
shale.  In  the  second  of  these  several  spimttus-iossiia  occur,  e,  </. 
A,  SjMnatuis,  Terehraiala  punctata^  Astarte  striato-sulcata.  But  the 
character  of  the  stone  is  certainly  not  similar  to  that  seen  in  any 
other  locality.  In  the  two  springs  which  occur  a  little  south  of 
this,  stone  more  similar  to  the  usual  oolitic  ironstone  appears.  Again, 
at  Everthorpe,  as  before  noticed,  Mr.  Harcourt  long  ago  recorded  the 
existence  of  this  peculiar  oolitic  ironstone  in  a  well-sinking,  which 
he  compared  with  the  stone  on  the  Dalton  road.  It  is  not  now  to 
be  seen ;  but  we  might  expect  the  occurrence  of  such  a  stone  in 
the  place.  It  has  finally  been  reported  to  us  as  met  with  in  a  well- 
sinking  at  a  farm  near  Brough. 

Inliebs  of  Ironstone. 

Westerdale, — On  entering  this  dole  from  the  north  the  ironstone 
is  encountered,  abutting  against  the  Inferior  Oolite,  which  bars 
the  valley  on  the  north,  and  through  a  narrow  rift  in  which  the 
river  Esk  finds  a  passage  to  Castleton.  Hero  the  stone  forms  a 
low  terrace  skirting  the  west  side  of  the  river  Esk  from  near  its 
junction  with  Tower  Beck  to  near  Low  Farm ;  it  has  a  moderate  dip 
to  the  north-west.  An  opening  has  at  some  time  been  made  in  it ; 
but  no  section  was  obtainable  ;  nevertheless  blocks  of  nearly  2  feet 
in  thickness  and  of  a  fair  average  quality  had  been  excavated. 

Before  approaching  Low  rami,  a  fault  witli  a  small  upthrow  to 
the  south  brinp^s  the  stone  into  the  general  slojie  of  the  scarped  liassic 
and  oolitic  range  on  the  west  side  of  the  dale.  Following  the  line  of 
the  slope,  no  very  certain  exposure  of  the  ironstone  series  is  seen  t  ill 
the  village  is  reached.  On  the  northern  front  of  the  height  called 
Top  Eud  is  a  considerable  plateau  constitutt^d  of  the  ironstone  and 
the  harder  beds  of  the  up])er  part  of  the  Middle  Lias.  On  this 
plateau  are  the  **  Pits,''  conjectured  by  some  to  be  ancient  British 
settlements ;  these  are  excavated  in  the  ironstone,  which  may  also 
be  seen  cropping  out  around  the  cliurch. 

Beyond  the  village  on  the  western  side,  only  partial  indications 
of  the  stone  are  seen,  forming  the  base  of  the  slope,  till  we  come 
to  Stockdale,  where  it  forms  a  low  terrace  near  Park  House,  and 
courses  of  dogger  and  ironstone  are  met  with  at  the  ford ;  but  very 
little  else  is  seen  of  it  in  tliis  portion  of  the  dale. 

On  the  eastern  side  of  the  dale  the  ironstone  is  seen  at  many 
points;    but  in  no  part  of  its   course  have  we  had  opportunities 
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of  determiniDg  its  character  and  thickness.  On  its  emergence 
from  beneath  the  "grey  shales,"  towards  the  head  of  the  dale, 
it  constitutes  a  low  terrace,  first  acquiring  some  prominence  by 
Tucker  House,  thence  forming  the  top  of  the  low  cliff  boundiag 
the  stream  on  the  east,  as  far  as  Swarthy  and  Round  HiUs ;  thence 
it  retires  from  the  low  ground,  its  course  being  then  indicated  by  the 
position  of  the  farmsteads,  till  its  abutment  against  the  Oolite  at 
the  foot  of  the  dale.  The  sites  of  the  majority  of  the  farmhouses 
in  this  dale  seem  to  have  been  determined  upon  from  the  porous 
character  of  the  ironstone  seams,  as  to  a  very  large  extent  imper- 
vious beds  prevail  throughout  the  valley.  The  same  reasons  must 
be  assigned  to  account  for  the  location  of  the  dwellings  in  many  of 
the  other  dales. 

Danbydale, — Courses  of  impure  ironstone  and  hard  shale  occupy 
the  banks  of  Danby  Beck  near  Smallwoods  House ;  but  from  the 
surfjEu^e  being  encumbered  with  debris  of  vast  slips,  which  affected 
the  overlying  rocks  around  the  head  of  the  dale,  no  clear  section  can 
be  made  out.  Ironstone  composes  the  knoll  at  the  back  of  Nook 
House ;  and  on  the  eastern  side,  about  half  a  mile  south  of  the  church, 
the  mar^ran'to^u^-shales  are  clearly  succeeded  by  others  with  courses 
of  oolitic  ironstone  of  the  8pinatus-9Gn<^  ;  but  elsewhere  the  position 
of  the  ironstone  has  been  estimated  from  the  presence  of  the  hard 
black  shales  which  immediately  succeed  it,  and  by  the  outbreak  of 
small  springs. 

Fn/up. — At  the  head  of  Great  Fryup,  in  the  bed  of  the  stream, 
below  the  annulatus-heds  there  are  exposed  these  beds : — ironstone 
layers  4  inches;  shale 6  inches;  blue  oolitic  fossiliferous  ironstone)  at 
least  1  foot  seen,  but  being  on  the  bed  of  the  stream  its  total  thick- 
ness is  uncertain ;  no  more  is  seen  in  this  neighbourhood,  nor  gene- 
rally in  Great  Pry  up ;  but  the  low  ridge  which  joins  it  to  Little 
Fryup  is  excavated  down  to  the  level  of  Qie  ironstone,  which  is  thus 
spread  out  on  the  surface.  The  lowest  part  of  the  ridge  descends 
to  paper-shales  belonging  in  part  to  the  marffaritattis-senGs ;  but  the 
succession  may  be  seen  in  many  spots — nowhere  so  weD,  however, 
as  to  the  west  at  Slate  Hill,  whore  the  following  roadside  section 
(thickness  estimated)  occurs : — 

feet. 

1.  Shale  fall  of  smooth  brittle  iron  boxes,  unfossiliferous      4 

2.  Light  shal  J  clay   1 

3.  Fossiliferous  oolitic  ironstone  full  of  casts  and  large 

Astarta 4 

4.  Paper-sbalee  with  iron  boxes,  some  oolitic,  changing 

at  the  base  to  crumbly  clayey  shales  50 

5.  Oolitic  ironstone  without  fossils 2 

6.  Shales  with  ^m.  maryartYo^^    12 

7.  Sandstone. 

CflaizeddU. — ^With  this  dale  we  enter  upon  a  district  which  is 
exceptional  so  far  as  relates  to  the  ironstone  series.  The  peculiar 
feature  is  the  great  thickness  of  the  strata  intervening  between 
the  ''  bottom  seam  "  and  the  <*  grey  shales,"  and  the  wide  interval 
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between  the  two  chief  ironstone  bands — a  phenomenon  which  is 
foreshadowed  in  the  section  at  Hawsker  Bottoms,  and  is  further 
illustrated,  though  wanting  definition,  by  that  in  Howdalc  Beck, 
Hobin  Hood's  Bay. 

Over  a  very  large  area  we  have  seen  that  the  ^'  bottom  seam  " 
occurs  at  a  pretty  uniform  depth  below  the  anntdatus-shalea ;  and 
though  the  sections  from  Xildale  to  Glaizedalo  would  probably  ex- 
hibit indications  of  the  thickening  mass  between  these  levels,  yet 
as  they  do  not  admit  of  examination  we  are  forced  to  treat  the  area 
under  present  consideration  as  local.  The  inference  is,  that  we  are 
upon  ^e  margin  of  a  basin  which  has  been  filled  up  to  the  level 
of  the  '*  grey  shales/'  which  spread  over  it  in  all  directions  of  a 
uniform  thickness. 

The  only  exposure  of  the  series  in  Glaizedale  kuown  to  us  is  in  the 
course  of  the  beck  at  its  entry  into  the  gorge  of  West  Arucliffe. 
The  succession  of  the  beds  in  descending  order  is  as  follows : — 

ft.  in. 
Grey  ehales  with  Ammonites  annulatus. 

Argillaceous  ironstone  doggers   0    5 

Shale  4    9 

Argillaceous  ironstone  doggers  {Protocardium  irunca- 

turn,  Unicardium  subgloboaam)    0    6 

Shale  with  Belemnites 3    6 

Argillaceous  ironstone  dogger  {Pecten  aqHtvalms) 0    4 

Shale  1     6 

Argillaceous  ironstone  dogger  {Belemnites  sp.,  Phola- 

domya  ambigua) 0    6 

Shale  \Pecten  <equivalvis,  Ostrea  submargaritacea,  Be- 
lemnites)     3    0 

Ferro-argillaoeous  limestone  in  lenticular  masses  {Am. 
spinatus,  BeleinniteSy  Pecten  <tquivalviSf  Macrodon 

Btickmanni)   1     0 

Hard  sandy  micaceous  shales ;  portion  unseen 

Shales  with  irregular  doggers  2     0 

Slialo  and  irregular  doggers  (8  inches)  3     8 

Shale  and  irregular  doggers  (8  inches)  {Pecten  aqui- 

valvis)     3    8 

Shale  1     2 

Ironstone   1     0 

Shale  2    3 

♦Ironstone  (dips  with  the  stream,  and  forms  the  small 

waterfall)    3     0 

Shide. 

Grosmo7it. — The  spiyiatus-BCTies  first  appears  in  the  bed  of  the 
*Murk-Ksk,  about  4<)  yards  south  of  the  tunnel,  and  is  confined  for 
some  distance  to  the  bed  and  sides  of  the  river,  this  portion  of  it  (hs 
is  seen  from  the  annexed  section)  consisting  of  shales  and  their 
doggers.     Tho  upper  workable  seam  appears  a  little  above  the  junc- 

*  Tliis  lower  band  of  ironstone  represents  the  Pecfcn-sefim,  and  contains 
Pcctcji  (pquivalvis,  Monofh  n/qniiyfis,  M.  intpquivahns,  Gardinin  lavis,  Asfarfc 
striatosu/cata,  J^da  suftovalis,  L.  galathca.  Protocardium  truncafum.  Tlie 
Amcula-9^^u\  whicli  i.s  workotl  for  ironstone  at  the  Glaizedalo  Ironworks,  at  a 
depth  of  84  yards,  Ues  27  ft.  6  iu.  beneath  it 
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(don  of  Lythe  Beck,  and  the  lower  near  Groemont  HalL    The  soo- 
tion  Biimmarized  will  read : — 

ft.  in. 

1.  Shale,  and  bands  and  doggers  of  ferro-argiUa- 

ceousstone  27  2 

2.  "Main"  or  **  Pecten-aQsun*  of  ironstone     4  6 

3.  Shale  and  doggers 31  0 

4.  "Bottom"  or  " AviciUa-teAm"  3  9 

Total  thickness 66    5 

Compared  with  the  sections  on  the  north-west  of  the  ironstone- 
field,  we  note  the  great  development  of  shales  above  and  below  the 
representative  of  the  main  seam,  whilst  the  bands  of  stone  containing 
more  or  less  of  ferruginous  matter  do  not  in  the  aggregate  amount 
to  the  thickness  of  the  main  and  bottom  seams  of  Eston. 

The  upper  seam  is  worked  at  various  spots  along  the  southern  side 
of  the  valley ;  and  several  day-holes  have  been  abandoned.  On  the 
north  side  all  is  deeply  covered.  The  upper  seam  crosses  Sleights 
above  the  level  of  the  church,  and  is  probably  spread  out  beneath 
the  village.  In  Ibumdale  it  dips  to  the  south  and  east,  and  is  seen 
rising  from  the  stream  beneath  the  old  Alum  House  of  Goathland 
Banks,  where  the  ironstone  is  10  inches  thick,  but  extends  no 
further  up  the  dale.  The  lower  or  Avicuki-sesim  is  worked  from  a 
depth  of  91  feet  on  the  north  side  near  Grosmont  Hall,  and  at  a 
depth  of  231  feet  by  the  side  of  the  railway,  half  a  mile  south  of 
the  tunnel,  and  on  Eskdalcside  nearly  opposite  Spring  Wood, 
where  good  sections  may  be  seen.  Its  further  course  north  is  not 
so  weU  marked ;  and  no  certain  signs  of  it  occur  in  Ibumdale. 


Section  of  the  Ironstone-series  of  the  Middle  Lias,  Orosmont, 

No. 

Litbology. 

Thick- 
ness. 

Fossils. 

I. 
2. 

a 

4. 
5. 
6. 

Annuiatus-ehs^  with  nodules 
Perro-argillaceous  limestone 

ft.  in. 
0    6 

3    6 

0    4 

2  0 
0  10 

3  1 

Ammonifes  annulatus,  Ledaga- 
lathea, 

Bdemnites  hreviformin.  Turbo 
cyclostomcL,  Pecten  aquival- 
vis,  Pleuroniya  costata,  Leda 
gcdaihea,  Liinta  acutioosta, 
Afacrodon  liasinum,  Astarte 
atriato-sulccUa, 

B.  &reviformis,  Pecten  <Bqui- 
valvis,  Astarte  striatosui- 
cata,  Unicardium  suhgloho- 
snm, 

Mda-odon  intermediuSt  Uni- 
cardium suhglobomm^  Rhyn- 
chonella  tetrahedra. 

Ferro-argillaceous  Umestone 
Shale  

Ferro-argillaceous  limestone 
Shale  

l2 
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Section  of  the  IrOTistone-aeries  of  the  Middle  Lieu,  Grrosmont 
(continued). 


No. 

lithology. 

Thick- 
ness. 

FoflsilB. 

7. 

Ferro^argillaceous  limestone 

ft.  in. 
1    8 

8. 

4    4 

9. 

Ferro-argillaoeous  limestone 

0    6 

10. 

Sandv  micaceous  shale 

3  10 

A.  lenticularis,  B,  hremfomiM, 
B.  microvtylus,   Chemnitzia 

11. 

Oval  doggers  of  argillaoeous 

0    6 

limestone. 

BlainviUet,      Protoeardium 

12. 

1    7 

with  Belemnites. 

13. 

Oval  doggers  of  an  indurated 

0    6 

Limea  acuticoisia,  Leda  gala- 

xinc-bleude. 

thea,  Myoconcha  decorata, 
Pecten  aquivalviSf  Gresafya 
intermedia,  Ostrea  aubmar- 
garitacea,  Waldheimia  punc- 
tata, RhffnchoneUa  lineata. 

14. 

Greyish-blue  sandy  micaceous 

4    0 

A,  apinatus,  Belemnites  (com- 

shale. 

mon),     Plicatula    epinoaa. 

16. 

Greyish-blueargillaoeous  iron- 

1   0 

Tta  sp. 
Fossils  not  abundant  and  diffi- 

stone with  scattered  white 

cult  of  extraction. 

grains  ;  gires  out  a  metallic 
ring   under  a  blow  of  the 
the  hammer. 

Belemnites,  Pecten  aquivalvie, 
Rhynchonella  lineata,  S.  te- 
trahedra*. 

16. 

Black  hard  marly  shale  spec- 

1   6 

Belemnites,  Plicatula  spinosa. 

kled  in  part^  upper  2  inches 
harder  and  graduating  into 

Minotis  cygnipee  (common), 

Pecten  aquivalvis  (com.),  Li- 

overlying  stone. 

Tnea  acuticosta*. 

17. 

GreyiHh-blue  argillaceous  iron- 

2   0 

Upper  surface  crowded  with 
large  Pecten  <equivaltn,%  Be- 

stone  with  scattered  oolitic 

grains. 

Umnites,  Plicatula  spinosa, 
Gresdya  intermedia*. 

18. 

Greyish-blue  sandy  micaceous 

4    0 

Am.  margaritatus,  Actteonina, 

shale. 

Linuta  acuticosta,  Pecten 
tequivahris,  P.  substriafus, 
Inoceramus  substriatuA,  Ma- 
crodwi  intermcdius. 

19. 

Fcrro-argillaceous    limestone 
with      patches    of    oolitic 

1    0 

Protocardiutn  truiicatum. 

20. 

grivins. 
Hard  splintery  shale 

3    0 

Litnea  acuticosta,  Inoceramus 

substriatus,  Pecten  (pquival- 

vis,    Monotis    intsquivalvis. 

Plcuromya  costata. 

21. 

Band     of    ferro-argillaceous 
limestone,    upper     surface 
mamillated. 

0    4 

22. 

Hard  splintery  shale    

4    2 

to  4  ft.  6  in. 

23. 

Row  of  argillaceous  limestone 
nodules. 

K'\J       A     A  V«      \^    AAA* 

*  These  three  beds  constitute  the  so-called  "  Pecten-sesan  "  of  this  district. 
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Section  of  the  Ironstonf-series  of  the  Middle  Lias,  Orosmont 
(continued). 


No. 

Lithology. 

Thick- 
ness. 

Fossils. 

ft. 

in. 

24. 

miDated. 

18 

0 

Limea  acuticosta,  Pecten  tub- 
8triatu9t  Inoceramus  substri- 

25. 

"  Aviwla-ae&va"     so     called. 

tUU8, 

consisting  of: — 

1 

0 

a.  Bluieh  argillaceous  iron- 

Am.   margaritatus,    Bhtcyclus 

stone  with  scattered  green 

vndulattis,Monotis  cygnipes. 

grains ;  weathers  into  balls 

M.ifkuquivalviSyPecten  aqui- 

with    concentric  hydrous 

valvis,  P.lunuUiri8,Plicatula 

oxide  casings,  having  rot- 

aptnorn. 

tenstone  centres. 

b.  Shale  with  Foraminifera 

0 

4 

c.  Nodular  argillaceous  iron- 

0 

4 

Cypricardia  cucuUataf  Ostrea 

stone  weathering  into  iron- 

aubmargaritacta,      Mt/Hlus 

ca^ed  balls. 

numismalia^  Cardinia  laviSf 
Protocardium  truncatum, 
Gresslya  intermedia,  Wald- 
heimia  ?  punctata,  Rkyncho- 
neUa  lineata,  Foraminifera. 

d.  Argillaceous  ironstone  in 

2 

1 

block,with  lumps  of  bluish- 

white    argillaceous   stone 
and  Gremym  in   position 

of  life  at  the  bottom. 

26. 

Blue  shale 

2 

0 

to2ft.9in. 

Nodules  of  argillaceous  lime- 

stone. 

Bransdale, — There  are  a  few  unequivocal  indications  of  the  pre- 
sence of  the  representatives  of  the  Cleveland  main  seam  in  this  dale 
which  have  afforded  us  data  for  the  insertion  of  the  Ammonites-spi" 
natus  beds  in  their  modified  mineral  conditions  in  the  geological 
map.     The  two  following  exemplify  their  lithological  characters : — 

Section  in  North-East  Bransdale  at  an  old  mine, 

ft.  in. 

1.  Soft  shale  with  fossiliferous  doggers  contain- 

ing ^7n7nani/«  dptna^iM 5  0 

2.  Gravelly  ironstone 1  0 

3.  Hard  shale 1  2 

4.  Dogfferband  0  2 

6.  Solid  ironstone,  fossiliferous 1  0 

6.  Shales  with  shattered  doggers  2  10 

7.  Irregular  doggers  0  3-6in. 

8.  Shale    4  3 

9.  Dogger 0  7 

10.  Shale    0    8 

11.  Hard  doggers 0    C 

12.  Shale. 

Section  of  a  stream-course  near  Catherine  House^  southern  part  of 
Bransdale. — (These  beds  probably  belong  to  a  lower  part  of 
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tlieizoiiBtoiieBeitfMtliantihoieintfaeaboTaBe^^  Theupper 
portion  of  ^e  section  is  limited  by  denndation ;  and  the  eon- 
tinnooB  section  is  intemipted  by  a  downthrow  which  brings  the 
upper  part  of  the  "  grey  shales''  intp  contact  with  the  beds 
under  condderationt  which  are  visible  in  the  low  banks  of  the 
stream.  We  are  inclined  to  regard  them  as  the  equivalents  of 
the  bottom  seam,  and  would  plaoe  them  in  juxtaposition  witii 
the  so-called  '^^vieiiZa-seam''  and  associated  strata  in  the 
Grosmont  diEitriot) 


ft.  in. 
1.  SwidyihilU."..;. , 1    0 


J«t  rook  (tupped). 


IL  Ifoartoney  odlitio  in  ■tructuzo   ...  IfLQin.!  «  « 

8.  Ironttoiiedoggen  0     4     j  *  ^ 

(AMtarte  SruUthndeatOt  Belmimiim,) 

4.  ShOe 2  8 

&  OU7<4zQiiitoii6  doggea,  foMilifiBraiii 0  3 

CF^roioc&rdiuM  AtMUMAcM.) 

6.  Shale 8  4 

7.  Bine  maUaeeoas  iroostoiie  doggen,  mixed 

wilhiQe .73 1  3 

a  flbele 2  4 

9.  Bhie  argilUioeoai  ironetoiie,  qEieeUed  with 

white  grainB - 2  8 

The  diaracters  of  the  ironstone  may  also  be  seen  in  more  acces- 
sible places  along  the  nortii-eaBt  portion  of  the  dale  as  it  crosses 
the  road  above  tibe  church  andfonns  a  continuous  bank  along  the 
eastern  side,  showing  the  crumbled  debris  scattered  proftisely  on  the 
surface. 

Famddle. — ^The  oocurreuoe  of  the  ordinary  type  of  the  deyeland 
ironstone  in  tiiis  dale  is  proved  by  the  section  near  the  middle  head 
by  the  stream-side,  and  by  the  outcrop  of  a  gravelly  ironstone, 
constituting  the  crest  of  a  low  terrace  bounding  the  stream  in  the 
upper  part  of  West  Gill,  and  similar  terraces  along  the  north-eastern 
side,  as  at  Ash  House,  Hole  House,  and  Head  House.  The  lower 
part  of  the  river  Dove  affords  an  almost  continuous  section  from  the 
Inferior  Oolite  to  the  sandstone  of  the  Middle  lias ;  the  beds  sup- 
ceeding  to  the  grey  shales  consist  of  shales  with  ferruginous  doggers, 
without  any  ironstone  seams.  The  section  beneath  Middle  Head  is 
as  follows:— 

ft  in. 

1.  Shale 2    0 

2.  Ferrous  boxes  with  argillaoeoas  oentrea    0    4 

a  Soft  shale  1    2 

4.  Grayelly  ironstone  with  a  softer  layer  in  the 

middle  (Astarte  striatosuicata,  &c)  1  10 

6.  Soft  shale 3    6 

6.  Doeger 0    4 

7.  Shale 20    0 

Baseddle, — ^The  only  section  from  which  we  can  determine  the 
general  mineral  condition  of  the  ^naftM-beds  in  this  dale  is  that 
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exposed  in  the  bed  of  Thor  Gill.  Hero  the  junction  of  the  grey 
shales  and  ironstone  series  is  well  seen,  below  which  the  Middle 
Lias  shales  and  doggers  succeed,  showing  no  workable  ironstone  and 
a  minimum  development  of  ferruginous  matter  similar  to  that  at 
Eobin  Hood  8  Bay.     (For  detailed  section  see  p.  124.) 

Although  it  is  true  that  we  have  here  only  25  feet  of  spinatus^ 
beds,  whereas  at  Grosmont  28  feet  of  shales  overlie  the  workable 
ironstone,  yet  we  are  pretty  sure  that  there  is  none  such  in  this 
dale  ;  for  on  examining  two  roads  which  lead  from  the  Abbey  (one 
to  Abbey  Head  the  other  east  to  Heygate)  the  marr/aritoftw-beds 
and  the  grey  shales  can  be  traced  very  close  to  each  other,  and  if 
there  were  any  rock-bed  it  could  not  escape  notice,  more  especially 
in  the  first,  where  the  thin  doggers  of  Tbor  Gill  are  seen  crossing 
the  road,  and  very  few  feet  intervene  before  we  come  to  maryari^ 
te^iw-shales,  whose  lower  continuation  into  sandstone  can  be  com- 
pletely traced. 

Some  writers  have  indulged  in  a  oomputation  of  the  extent  and 
probable  duration  of  the  ironstone  of  the  Middle  Lias  in  Cleveland ; 
and  though  our  survey  would  enable  us  to  give  an  estimate  of  the 
area  of  the  seam  more  accurately  perhaps  than  has  hitherto  been 
done,  yet  we  excuse  ourselves  from  the  task  on  the  ground  that  the 
limits  of  the  seam,  commercially  considered,  fluctuate  with  its  de- 
mand. Some  stone  which  found  a  ready  market  in  the  prosperous 
years  of  1872  and  1873,  cannot  at  the  present  time  command  a 
remunerative  price.  It  may  be  thought  invidious  in  us  to  fix  a 
boundary  between  the  good  and  bad  stone ;  of  course  it  cannot  be  a 
hard-and-fast  line,  as  the  change  in  the  mineral  conditions  is  gradual; 
nevertheless  we  do  so,  and  from  practical  considerations  in  the 
mining  of  the  stone  and  its  yield  of  iron,  select  the  isochthonal  line 
intersecting  the  Guisborough  Hills  as  the  southern  boundary  of  tho 
seam  which,  under  favourable  states  of  the  iron-market,  is  likely  to 
have  a  sale.  As  this  portion  approaches  exhaustion,  the  southern 
area  will  gradually  be  brought  more  into  use — that  is,  unless  other 
sources  of  ironstone  be  introduced  to  the  Tees  furnaces. 

Sehedult  of  Names  of  Ironstone  Mines  and  DepiJis  of  Main  8f<tm 
from  the  surface. 

The  numbers  prefixed  correspond  with  numbers  on  map  indicating  sites. 


Noe. 

Names. 

Depths. 

1. 
2. 
3. 
4. 
6. 

a 

7. 

8. 
9. 

Runswick ..i.. 

190  fl.,  abandoned. 

Bosedale    

Inclined  drift. 

Tiverton  pit  

474  ft. 

Whitecliffpit    

171ft. 

Lofthouse  mines  • 

Worked  from  outcrop. 

Oarlinehow  pit. 

North  jjofthouse  nit 

213  ft. 

Crafirs-Hall  nit  

219  feet 

Cliff  mine 

Worked  from  outcrop. 

10. 

Himtcliff  pit 

»» 

isa 


mio] 


8ek§Me  of  NamM  rf IrwuUme  Mhun  and  Depiks  ofMamSmn 
from  Hu  mufaeo  (oontinned). 


ITot. 

Ifaniet. 

BepOie. 

11. 
IS. 

la 

14. 
16. 

la. 

17. 
18. 

la 

90. 

SI. 

ss. 

S8. 
S4. 
S6. 

so. 

37. 
S8. 
S9. 
80. 
81. 
82. 
88. 
84. 
88. 
86. 
87. 
88. 
88. 
40. 
41. 
42. 
43. 

44. 

46. 
46. 

S61-6ft. 
744  ft. 

Wovnd  from  liio  ontorop. 

InelJ^drift. 

90  ft. 

Woilwd  from  ontoKop. 

66ft: 

Noitone. 
70  ft. 
874*6  ft. 

288  ft. 
192  ft. 
lS4ift. 

In  Ut'OgWMM, 

Ine&iied  drift. 
Wortied  from  oatorop. 

Worked  from  outoiop. 

680  ft. 

In  progroM  (about  600  ft.) 

641ftT 

902  ft. 

Inclined  drift. 

252  ft. 

195-5  ft.  to  main  seam,  231  ft.  to 
bottom  seam. 

60ft.  to  main  seam,  91  ft.  to  bot- 
tom seam. 

Worked  from  outcrop. 
»«                   If 

T(flfig*Aflrft  pit  ■••••••...•.•••It  ...ti. 

TTrJvTTill  nann ...««* 

UpkMurlitiii  mine 

Ifatnn  mine   ..,....-r...... »-—*- 

y 4>rmfmKy  mjna    .«,.,. .«,r*« rtT 

CSialkmer  pit    

Took«ttit pit 

SUton-A^  pit 

M      or  FOTij*P6iiOB  pit* 

Stimghow  or  Masra-Ftak  pit 

HaidgatB  pit 

fl|jifMk!wAi}|  miiie...... ...«•« 

Spft-Wood  minft 

TiififfvliiJA  wit ....•■■••...•■■ 

T)ordlol6  M<x^v*hnlTnii 

Gerriok 

Ailesbury  mine,  near  Swainby    ... 
Glaisdale  pit 

Esk-Valley  pit  (S.  Cleveland  Iron 

Company). 
Pit  near  Grosmont  Hall 

Mines  on  the  Murk  Esk  

TCbMa] A^(i A  Tninma.  Jkn.     

Geitebal  Obsebyatioks  ok  the  ORGAiac  Remains  of  the  Maut 

Seam. 

The  fossils  in  the  main  seam  are  most  numerous,  both  as  to 
species  and  individuals,  in  the  area  of  its  greatest  development. 
This  may  be  thought  to  be  more  apparent  than  real,  because  of 
the  greater  opportunities  for  examination  and  the  larger  quantities 
of  stone  mined  in  the  richer  localities  than  in  the  inferior  ones. 
But  though  a  larger  share  of  attention  has  been  given  to  the  former, 
yet  the  latter  have  been  searched  by  several  workers  for  some  con- 
siderable time,  and  there  can  be  no  doubt  of  the  comparative  paucity 
of  fossils  in  them.     It  may  be  conceded  that  a  relative  paucity  of 
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specific  forms  is  concurrent  with  the  diminution  in  thickness  and 
qnality  of  the  stone.  This  wonld  seem  to  indicate  that  the  admix- 
ture of  argillaceous  matter  during  the  deposition  of  the  original  cal- 
careous portion  exercised  some  deterrent  influence  on  the  animal 
life  within  the  area  of  accumulation  of  such  mixed  sediment.  This 
view  receives  confirmation  in  the  distribution  of  the  fossils  relative 
to  the  lithological  characters  in  the  whole  extent  of  the  Lias,  as  all, 
or  nearly  all  the  argillaceous  sediments  are  barren  of  moUusks  of 
sedentary  habits,  which  are  among  the  dominant  forms  in  the  lias. 
Ammonites  and  Belemnites,  however,  are  abundant  in  the  shales ; 
but  as  they  possess  great  locomotive  powers,  their  presence  does  not 
invalidate  these  conclusions.  Nevertheless  ordinary  bivalves  and 
univalves  do  occur  in  some  of  the  shales  and  clays. 

The  fossils  in  the  main  seam  are  almost  entirely  confined  to  the 
oolitic  portion,  and  of  this  chiefly  to  the  upper  part  of  the  working 
section.  As  a  rule  they  are  scattered  throughout  the  mass ;  but 
layers  of  broken  and  more  or  less  imperfect  shells  are  occasionally 
met  with  in  the  plane  of  bedding  of  the  stone,  and  are  traceable  for 
considerable  distances.  So  far  as  we  are  aware,  this  evidence  of 
drift-action  is  confined  to  the  top  block  of  stone,  llie  partially 
comminuted  shells  are  chiefly  rolled  fragments  of  Belemnites,  bits 
of  Pectens  and  Trigonias  with  fractured  surfaces  and  also  worn 
smooth.  In  all  cases,  these  fragments  belong  to  endemic  species. 
They  indicate  the  proximity  of  a  shore-line,  on  which  they  were 
reduced  to  their  present  condition  and  by  currents  carried  to  their 
present  sites.  The  occurrence  of  drift  wood,  often  of  large  size,  in 
the  main  seam  is  a  corroboration  of  the  proximity  of  a  coeval  land- 
surface.  Mr.  George  Lee  has  informed  us  that  a  trunk  of  a  tree 
measuring  between  30  and  40  feet  in  length,  branching  at  the  top 
like  a  Scotch  fir,  and  having  a  nearly  uniform  diameter  of  about 
9  inches,  was  discovered  lying  between  the  dogger  band  and  the 
main  block  in  the  Eston  Mme.  We  have  not  found  any  kind  of 
extraneous  matter  in  the  seam,  not  a  grain  of  sand,  not  a  pebble 
that  would  indicate  a  source  of  the  original  calcareous  sediment. 

Certain  of  the  bivalves  are  generally  found  with  their  valves  in 
apposition;  these  include  the  Myacidis  {Pholadcmya,  Pleuromya, 
Oresslya,  ArcomyOf  and  Ceromyd),  MytUus,  Astarte,  the  majority  of 
which  were  probably,  as  their  living  congeners,  burrowers  in  the 
limestone  ooze ;  whilst  others  are  invariably  met  with  in  the  form 
of  detached  valves ;  such  are  Pecten,  Trigonia^  CucuUcMf  Avicida^ 
Lima,  and  Ostrea.  This  circumstance  and  the  fact  of  the  abundance 
of  one  particular  valve  of  a  given  species  in  one  place,  and  of  the 
other  elsewhere,  would  seem  to  indicate  that  some  agent  was  at 
work  to  disturb  gently  the  sea-bottom — ^that,  as  the  ligamental 
detachments  decomposed,  the  upper- lying  valve  was  caught  up  by 
the  current  and  carried  away,  whilst  the  other,  partially  immersed 
in  the  sediment,  remained. 

It  is  worthy  of  note  that  certain  species  which  are  common  to 
the  main  seam  and  other  parts  of  the  laas,  attained  their  maximum 
development  at  the  period  of  its  deposition,  whUst  others  in  it  are 
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bonspioiunu  by  tfairir  degenorato  fbmui,  evinoing  a  dedenaion  6f 
ipeaflo  enargj  bocdering  <m  extinctioii.  In  tba  former  category  we 
mentioii  fisctm  ajutiiwlvu,  often  5  to  6  inchea  in  diameter,  MotMU 
J  4  inohea  aoroaa,  PMadotnya  mMgua,  EkynAmdla  tetra'- 
Leda  aaftoMrlw,  Feetm  lumilanf,  and  othera,  some  of  wbidb 
axe  here  giants  of  tlieir  laoe,  oqpipared  witii  individuals  that  lived 
dnring  the  deposition  of-theearlier  stages  of  tiie  Middle  lias.  The 
convene  phenomenon  is  ezhiMtad  by  Protoeardimn  tmneatumf 
ChurdUa  ancMoMte,  PUoatula  ^pmom^  Monaiii  incdquwalvu^  WaXd- 
hmmia  navpmaia^  whieh  aie  considerably  dwarfed  at  this  horiion. 

That  part  immdediatdy  nndeilpng  tiie  "  snlphnr  band  "  is  the 
principal  repository  of  several  species  which  are  normally  of  small 
aiae,  inoludmg  many  Gasteropods;  ordinary  specimens  of  laxge-siaed 
species  are  rare.  The  chiitf  are  i-^Ammoniim  ferruffimeugf  Pleu- 
fiOomaria  hsUcoida^  Pittmdhu  tuMnatui,  C^tmniizia  BknnvUieij 
CferiMwrn  lUusieum^  AoieBomna  Uminttrmudi^  Iticai¥Xa  spimoaa, 
JMmoltif  imdgiuwdlvii,  Maeradtm  i»UnMdiw$. 

.  CharaiimtliieSpteimcfth^MainSmim. 

One  hundred  di£krent  kinds  of  fossils  have  been  obtained  from 
fhe  zone  of  AmmomUi  jptnohif ,  95  of  which  occur  in  the  main 
aeam  of  Cleveland. 

The  species  peculiar  to  this  bed  are: — Eium^M$  cmupcmcs,  Cfnfp^ 
icmia  etmsobrina^  TsUina  graeHu^  Tomateua  ekrytaliSt  C^ramua 

^tgn^utooy  J2.yMtNaliff ;  other  spedea  wnich,  thon^  having  a  greater 
vertical  range  in  other  ar^w,  yet  are  confined  in  the  Yoriuhire  lias 
to  the  main  seam,  such  as : — 

Pitonilluf  toibiiiatut.  t  Plenrotoniaria  rostioa. 

Turbo  bullfttus,  t  Cerithiam  liaaaieum. 

t  Aroomya  aroaoea.  t  Ostrea  sportoUa. 

* petnea.  t  suDmargaritaoea. 

t  M^as  ayioiheiiBis.  *  Tanoredia  broliensiB. 

t  Hinnites  tomiduB.  t  Waldheimia  re«apinata. 

*  Trigonia  lingoneniis.  *  Speriferina  signieniit. 

t  Pleurotomaria  helidnoides.  t  Snynchonella  acuta. 

t  Pema  lugdunensis.  *  Ciaaris  amaltheu 

The  species  marked  with  an  asterisk  (*)  are  not  known  elsewhere 
in  Britain;  and  those  markedf  occur  in  the  equivalent  of  the 
main  seam  in  the  Midland  and  S.W.  counties. 

The  most  common  species  in  the  main  seam  are : — 

Ammonitee  spinatus.  Peoten  ffiquiyalyis. 

BelemniteB  breyiformia.  —  lunularis. 

paxillo8U0.  Monotis  cygnipw. 

PitonuliiB  turbinatoa.  Macrodon  UasmuB. 

Oryptenia  oonsobrina.  Cbeaslya  intermedia. 

Ostraa  submargaritacea.  Pleuromya  rostrata. 

Pholadomya  ambigua.  Aroomva  arcaoeiL 

Astarte  striato-sulcata.  Bhjnchonella  capitulata. 

Waldheimia  resupinata  j3.  tetrahedra. 

Terebratttla  punctata.  lineata. 
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A  complete  list  of  the  fossils  of  the  ironstone  is  given  in  the 
Table  of  species  of  the  zone  of  Ammonites  spinatus  below. 

The  number  of  species  obtained  bj  us  from  the  main  seam  so  far 
exceeds  those  in  the  cabinets  of  oUier  local  collectors,  that  some 
surprise  has  been  expressed  thereat.  Our  success  is  attributable  to 
our  methods  of  search. 

The  fossils  in  the  seam  at  its  outcrop  have,  equally  with  the  stone, 
suffered  great  disintegration ;  so  that  whereas  in  an  ordinary  lime- 
stone the  weathered  rock- surfaces  are  most  favourable  for  examina- 
tion for  the  organic  contents,  those  of  the  ironstone  are  unproductive 
of  fossils  in  even  a  moderate  state  of  preservation.  Should  we  turn 
our  attention  to  the  blocks  of  stone  as  they  are  brought  out  of  the 
mine  we  should  be  disappointed  in  not  being  able  to  gather  other 
than  the  larger  shells,  mainly  because  of  the  rubbed  and  dirtied 
surfaces;  but  even  otherwise  the  fossils  are  so  immersed  in  the 
stone,  and  their  colour  blended  with  it,  that  search  for  them  under 
much  more  favourable  circumstances  yields  very  unsatisfactory 
returns. 

When  the  stone  is  stacked  or  put  in  stock,  the  rain  washes  the 
surfaces  dean,  and  after  an  exposure  of  a  few  years  the  shells  of 
many  acquire  a  reddish  tinge  by  peroxidization  of  the  iron  which 
largely  enters  into  their  composition ;  and  this  change  takes  place 
before  the  general  surface  has  lost  its  green  colour ;  consequently 
such  fossils  are  readily  discerned  by  contrast  of  colour.  Our  plan 
has  been  to  crawl  or  clamber  over  the  old  stack  heaps  at  the  mines 
and  smelting-works,  closely  examining  the  exposed  surfaces  for  the 
smallest  sign  revealing  the  presence  of  a  shell.  In  this  way  have 
been  obtained  many  small  fossils  which  escape  detection  in  the 
unweathered  blocks,  however  closely  they  may  be  scrutinized. 

I/ist  of  Ibssils  of  the  Zone  of  Ammonites  spinatus. 

PlesioBaurus,  sp.  Chemnitzia  nuda. 

IchthjoeaiiniB,  sp.  Cryptamia  consobrina. 

Ammonitefl  spinatuB.  expansa. 

Enffelhfudti.  Dentalium  elongatom. 

—  HoLandrei.  EucycluB  conspersus. 

margaritatus.  undulatus. 

ferrugineus.  cingendus. 

solitarius.  — —  nireua. 

Belemnites  clayatus.  Nerita  altemans. 

apiciouryatus.  Pitonnillus  turbinatus. 

Tulgaris.  Pleurotomaria  helicinoides. 

cylindricus.  rustica. 

paxilloBOs.  undosa. 

—  longiformis.  similis. 

compressuB.  Turbo  latilabrus. 

breyif  ormis.  lineatus. 

—  rudis.  cyclostoma. 

microstyluB.  ■ aciculus. 

Cerithium  acriculum.  Actsonina  ilminstrensis. 

liasncnm.  • chrysalis. 

Chemnitzia  Blainyillei.  Ostrea  sportella. 

Bomitecta.  Bubmargaritaoea. 
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PiBflten  MnfilTin 
-^— limiiluu. 

vwtioilliii. 

-^— —  sobitfittUii* 
Hlmritw  tamidiia. 
Linm  eofihtfit. 
—  ■   HiBnmnni. 


IMgODlA  liOfOMIItit. 

(Duendift  boroliflfuiiL 
II  loofliooitttte. 


■  .       Joliftiyk 
raoitolft  raiiiOM. 
ctlwS: 

ejffdpm. 

faMtriatiiB. 

— — Mhft. 
—  pipjim. 
Inoommut  ■obttriAtiM. 
PMnft  lagdunfliMU. 
Pinna  tpikUiiikte. 
MbdioU  ■eilpnim. 
Thiollimi. 


Unifltrdiam  nibttloboiimi. 
Phohdomya  MnbigiML 
SlinpeonL 


Goniomya  hybridft. 
Plouromya  ooatata. 
Grwdym  intenneduL 
ArooDiym  arauML 
—  eonefauuu 


Ifytiliit  aTiothmais. 
Maerodoa  eKerdandion^ 
—  Intflrmedint. 


Gsnnnya  bomaub 

— — MlMjBfil. 

Thneia  Grotiana. 
linffola  neoalua. 
Bpinferina  Waloottt 

—  li^nieniM. 
Waldhfumia  punctata. 

—  ranpinata. 
BhyftnhnfMiHa  tcfafahadra. 


Leda  faboralii. 


ata. 
•foahialk. 


ijteita  itriato-fuleata. 

-rogata. 

TvPfinfr  pmnfla* 
Oudita  miiltioottata. 
Protooaidium  tnineatum. 
Cardinia  IflBvis. 

S^-pricardia  ouciillata. 
yoconcha  deoorata. 
Hippopodium  gigas 


BttiTpa  cirdnata. 


PeDtaormaa,  ip. 
CHdaris  amalthei. 
Rhabdooidaris  (spine). 
Chordaphyllites  cicatricosus. 
Nulliporites  furoiUatuB. 
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CHAPTER  XIY, 

HI8T0BICAL  SKETCH  OF  THE  DISCOYEBT  AKD  INDUBTRIAX  AFPLICATIOK  OF 
THE  CLEYELAin)  MAII7  SEAM*. 

The  unprecedented  development  of  the  iron  industry  in  the  northern 
part  of  the  Cleveland  district  has  called  forth  many  claimants  for 
the  merit  of  the  discovery  of  the  stone,  or  its  application ;  and  the 
general  desire  seems  to  have  heen  to  give  the  discovery  as  high  a 
degree  of  antiquity  as  possible.  ISome  confusion  has  been  created 
by  writers  in  the  discussion  of  this  subject,  by  their  not  isolating 
those  claims  which  have  been  made  to  the  discovery  and  application 
of  the  main  source  of  the  supplies  of  our  furnaces,  from  those  which 
have  reference  to  other  local  stores  of  ironstone. 

The  earliest  discoverers  are  considered  by  some  to  have  been  the 
Bomans,  by  others  the  monks.  But  alUiough  antiquarians  axe 
agreed  that  iron- works  of  some  sort  were  established  by  the  Bomans, 
or  monks,  or  both,  yet,  as  the  sites  of  them,  excepting  the  doubtful 
ones  of  Westerdale,  are  in  proximity  to  outcrops  of  ironstone  of 
Oolitic  age,  and  generally  where  the  Middle-Lias  ironstone  is  not 
economically  developed,  as  in  Bilsdale,  Bransdale,  Bosedale,  Fur- 
nace House,  in  Fryup  and  Bievaulx  Abbey,  it  is  reasonable  tx)  sup- 
pose that  all  such  ancient  or  early  works  have  no  connexion  with  the 
Cleveland  main  seam  or  its  equivalents ;  and  we  agree  therefore  with 
Mr.  Marley,  that  these  early  operations  were  carried  on  in  the  so- 
called  top  seams.  With  respect  to  the  supposed  ancient  British 
settlements  in  Westerdale,  which  are  pits  sunk  in  the  main  seam 
of  ironstone,  a  difference  of  opinion  exists  as  to  the  use  they  may 
have  served.  Charcoal  is  said  to  have  been  found  at  the  bottom  of 
some  of  them,  which  seems  to  indicate  dwelling-places ;  yet  their 
great  depth  seems  to  militate  against  this  idea.  On  the  other  hand, 
there  is  the  remarkable  fact  of  their  being  excavated  on  the  most 
considerable  outcrop  of  the  ironstone  in  the  dales ;  and  as  most  other 
excavations  are  known  to  be  for  some  economical  purpose,  it  would 
seem  probable  that  these  were  too.  Yet  the  workers  would  be 
very  foolish  to  make  such  isolated  vertical  digfcings,  and  not  carry 
their  operations  horizontally  as  others  have  done.  Though,  there- 
fore, we  incline  to  the  opinion  that  these  may  have  been  early 
mining-excavations,  we  cannot  consider  the  fact  conclusively 
proved. 

*  The  material  facts  in  this  article  have  been  abstracted  from  MarleVs 
paper  **  On  the  Cleveland  Ironstone/'  Trans.  N.  England  Inst.  Biining  JBn- 
gineeni,  toL  y.,  and  Bewick's  work. 
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The  odUeetion  of  izoiutoiieoii  the  beaoh  Beeou  to  liave  been  oaiv 
ried  on  from  an  eaily  date.  Mr,  laaao  Lowthian  Bell*  mentiona 
**  tbiat  iat  tiie  Whitebill  flunaoe,  built  in  1745,  and  abandoned 
before  titie  end  of  the  last  oentniy,  ixonatone  waa  gathered  in  Bobin 
HoodVBay,  and  that  soon  after  the  year  1800  the  IVne  Iron  Com- 
pany obtauied  ironatone  in  a  similar  way  from  the  beach  between 
Soarboroas^  and  Saltbnm.''  This  kbd  of  trade  waa  continned  to 
Che  year  1848,  when  thq  ^nn  of  the  Witton-Patk  ironworfca  ool- 
leotedaeYeralthoosand  tonaoff  the  Cleveland  ooaat.  It  will  be  eon- 
MdJaitfaathflrein  there  la  no  diMOvny  of  the  main  andtiuni^ 

it  IB  doubtlfiaa  troe  that  some  of  the  atoaea  gathered  on  the  ahore 
oame  from  the  main  aeam,  partumlazly  thoae  fbom  Bnnflwiok,  y^  it 
ia  more  probable  that  the  bulk  ofthem  were  daj-ironatcme  nodnle8» 
whudi  ao  laigely  abound  in  the  Middle  liaa  of  Bobin  Hood's  Bay 
and  Hawaker,  and  between  Sfcnthea  and  Saltbnm :  the  ironstone 
eoDeoted  from  Bobin  Hbod'a  Bay  waa  certainly  of  this  nature. 

Hie  ftestdiaoovery  ofthedefeland  main  seam  of  which  there  b 
an  anthentie  acoonnt  waa  in  1811,  when  the  late  William  Ward 
Jadmon,  of  NormanbyBLalthadsix  or  ei^  cart-loads  of  it»  obtained 
from  hia  property  near  Upaall,  aent  to  some  ironwotlai  on  the  Tyne, 
which,  however,  were  rejected  aa  **  good  for  nothing.^  Also  in 
16I1  or  1812,  the  late  Thomaa  JadEscm,  of  Laienby,  laid  bare  the 
ftill  thidmasB  of  the  main  seam  in  Laacnby  Banka,  which  now  form 
part  of  the  Eston  minea. 

Toong  and  Bird  (1822)  give  the  true  atratigraphical  positton  of 
file  ironstone  aeries,  in  deaciiinng  the  sectioiL  of  the  Bonlby  cli£B^ 
Imt  do  not  give  detailed  measurements,  bat  estimated  the  ironstone 
series,  consisting  of  ironstone  in  bedsor  rows  of  nodules  interstratified 
with  shale,  at  15  feet  in  thickness. 

In  1827  Mr.  John  Bewick,  sen.,  examined  the  coast  for  ironstone 
on  behalf  of  the  Birtley  IronworkB,  and  recommended  Eettleness  as 
the  most  desirable  site  for  commencing  operations,  on  account  of  the 
facility  with  which  it  could  be  worked. 

In  1829  Professor  Phillips  correlates  the  ironstone  and  sandstone 
series  immediately  below  the  Upper  Lias  with  the  marlstone  of 
Northamptonshire.  In  this  section  at  Kettleness  he  estimates  the 
alternations  of  ironstone  and  shale  beds  at  20  feet,  but  does  not 
recognize  any  industrial  value  in  the  series. 

In  1836  Mr.  Louis  Hunton,  in  his  section  at  Bockdiff,  defines 
the  ''  main  ironstone  bands  and  connected  blocks  of  hard  ironstoue 
a  foot  and  upwards  in  thickness,  with  seams  of  shale  intervening, 
26  feet." 

In  the  same  year  Mr.  Henry  Belcher,  in  his  Illustrations  of  the 
Scenery  on  the  line  of  the  Whitby  and  Pickering  railway,  directed 
attention  to  a  portion  of  the  main  seam  of  ironstone  cropping  out 
in  the  banks  of  the  Murk  branch  of  the  £ak  at  Grosmont. 

"  It  would  appear,  however,  that  Mr.  Wilson,  one  of  the  partners 
of  the  Tyne  Iron  Company,  was  really  the  first  person  to  draw  atten- 
tion to  &c  Pectenrae&m  of  Grosmont "  (fiewic^  p.  18). 
*  'OolUeiy  Guardian,'  p.  265, 1863. 
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The  Whitby  Stone  Company  commenced  operations  here,  and  on 
the  18th  of  May,  1836,  sent  to  the  Birtley  Ironworks  their  first 
cargo  of  55  tons  from  the  so-called  Piscfm-seam,  which  b  said  to 
work  easier  in  the  furnace  than  the  bottom  seam.  A  second  qoan* 
tity  was  received  by  the  same  company,  but  was  rejected ;  how- 
ever, the  stone  was  again  tried ;  and,  finally,  permanent  contracts 
were  entered  into  in  1838.  These  works  have  been  carried  on 
uninterruptedly  up  to  the  present  time. 

In  1838  Mr.  Bewick  resumed  the  working  of  the  Kettleness  stone, 
and  opened  on  the  main  seam  at  Staithes,  for  the  Wylam  Iron 
Company. 

In  1839  Mr.  Bewick  wrought  the  main  seam  at  Qrosmont,  on 
behaK  of  Mrs.  Clark,  for  the  same  company. 

In  the  same  year  Mr.  Nehsham  shipped  a  small  cargo  of  ironstone 
collected  near  Coatham  (see  remarks  below)  to  the  Devon  iron- 
works, Alloa  near  Stirling,  for  trial. 

In  1840,  the  Messrs.  Bewick  discovered  the  ironstone  at  Skin- 
ningrove  and  at  Slapewath  near  Guisborough. 

In  the  same  year  the  Whitby  Stone  Company  prospected  in  the 
north  part  of  Cleveland.  The  report  of  the  explorers  bears  the  date 
10th  July,  1840,  and  is  the  result  of  "  a  reexamination  of  those 
parts  of  the  present  Eston  and  Normanby  ironstone  mines  which 
are  alluded  to  in  1811  and  1812,  and  by  parties  fully  acquained 
with  the  Whitby  ironstone"  (Marley,  p.  183). 

The  same  report  alludes  to  a  "  2-feet  bed  of  ironstone  at  East 
Coatham,  of  37  per  cent,  yield,  but  only  10  to  15  yards  broad,  and 
200  to  300  yards  long."  This  must  be  the  bed  whence  Mr.  Neh- 
sham shipped  a  cargo  of  stone  in  the  preceding  year.  Mr.  Marley's 
remarks  on  this  part  of  the  report  lead  one  to  infer  that  it  is  his 
opinion  that  the  ironstone  referred  to  is  not  that  of  the  main 
seam ;  he  writes  ^p.  183),  "  This  ironstone  [».  e.  the  main 
seam]  also  rises,  and  crops  out  before  arriving  at  Redcar,  and 
does  not  dip  down  towards  Redcar,  as  stated  in  this  report." 
The  report,  however,  states  the  case  rightly,  notwithstanding  Mr. 
Marley's  observation ;  a  reference  to  the  plan,  p.  57,  will  explain  the 
arrangement  of  the  strata.  Here  is  shown  an  anticlinal  axis  to  the 
south  of  Redcar,  with  the  Coatham  bods  dipping  to  the  north-west. 
Though  we  have  not  ascertained  by  actual  examination  the  exist- 
ence of  the  main  seam  on  the  outer  edge  of  the  Coatham  Scars,  yet 
as  the  Off  Heights  are  composed  of  the  hard  beds,  situated  some 
70  feet  or  so  below  the  stone,  it  may  be  inferred  that  the  high  dip 
of  the  beds  would  bring  on  the  ironstone  in  the  position  of  the 
outermost  reef,  from  which  the  Redcar  boatmen  assert  that  ironstone 
had  been  collected. 

In  1846  Mr.  Ord,  in  his  *  History  of  Cleveland,'  quotes  from  works 
in  which  the  presence  and  position  of  the  ironstone  are  alluded  to. 
His  view  of  the  value  of  the  main  scam  in  the  northern  district  may 
be  regarded  as  that  generally  held  at  that  time.  "  It  is  at  present 
of  little  value  except  as  ballast,  and  is  scarcely  of  sufficient  import- 
ance to  encourage  speculation." 

In  1848  Messrs.  Roscby  leased  the  Skinningrove  mines,  the  main 
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•eun  in  wUdi  wai  jprofiondy  duocyvered  by  one  of  tbo  leaBoiiy  aa 
Mooimt<tf  whidikgiTenbrKnlfarleir.  Mr.  Boteby  being  engaged. 
eoDeotbg  atone  froni  the  beaob  tar  m  Wkton-Fte'k  worka  **  ob- 
aervedtbat  aome  portiena  of  theironatone  in  eooiae  of  ahipmeoA 
irerefrnn  thiaaeam»andbadfUUan  off  the  cliflb»  and  wbiob  atone 
bad  gotwom  bytbeaotionof  the  watea  of  theaeaintoaomething 
like  tfie  ahape  of  nodular  balla,  aa  well  aa  ozidiaad  into  proper  coloiir 
to  paaainqpeotion  with  the  other  atone — and,  finding  aoohtobe  the 
eaae»  waa  not  long  in  tracing  thia  main  bed''  (he  cU.  p.  18^ 

On  the  Seth  of  Angnat,  1848,  66  tone  were  deapatohed  to  the 
Wiaton-Patk  ironwozka;  bat  the  leoaora  not  being  aUe  to  fdM 
lliflir  contraota,  the  minee  eame  into  the  handa  of  If  eaaFs*  Bolokow 
and  Yan^^ian,  about  Jnly  1849»and  were  worked  by  them  nzdal  the 
19th  of  Ootober,  1850,  inolnaive,  when  they  were  tranafaxed  to 
Meaara.  Loth,  Wilaon,  and  Bell;  and  from  them  they  pasaed  into 
the  handa  of  the  If  eoanu  Peaae,  by  wlum  they  are  atill  worked. 
The  main  aeam  may  be  aaid  therefore  to  haye  been  now  dia- 
eofored* 

Neverthflleia  the  great  impnlae  to  the  iron-mining  operationa  waa 
gma  on  the  qpening  out  of  it  in  the  Eaton  HUla  hv  Heaara.  Bddkow 
and  Yang^ian  in  the  latter  part  of  1850.  The  farther  application 
ofthiadiaooTery  waaapeedy,  and  in  a  very  few  years  all  the  impor- 
tant rovaltiea  were  taken  up,  and  led  to  tiieconataictionof  railwaya, 
the  inflnenoe  of  the  one  on  the  other  derelopment  being  reoiprocaL 

It  appearBy  then,  that  Cleveland  haa  been  an  ironatone-|aiodnoing 
diatiict  from  Tory  early  timea — ^that  tiie  ahipmenti  of  beach  atonea 
of  iron-ore  were  aent  to  external  amelting  worka  preriona  to  1800, 
and  down  to  the  year  1848.  The  merit  of  tiie  original  diaoovery  of 
the  main  bed  of  ironatone  belongs  to  Mr.  Jaekaon,  w;hoae  endeavours 
in  1811  to  introduoe  it  were  frnatrated  by  the  prejndioes  of  the 
ironmsBters.  IndifPerent  reoeptiona  were  similarly  extended  to  sub- 
aequent  consignmente  forwarded  by  others  from  the  more  valuable 
parts  of  the  scam  up  to  a  late  date.  Possibly  the  mineral  did  not 
excite  in  the  minds  of  any  of  these  gentlemen  that  confidence  in  its 
value  which  the  subsequent  labours  of  the  Messrs.  Hoseby,  Bolckow, 
and  Yaugban  ascertained  it  to  deserve. 

The  first  attempt  to  tear  up  the  stone  from  its  bed  was  by 
Bewick  at  Ecttleness  in  1827,  and  subsequently  in  1838,  at  the 
same  place  and  at  Staithes ;  but  the  exposed  character  of  the  coast, 
and  want  of  shelter,  rendered  the  conveyance  of  ironstone  to  the 
Newcastle  furnaces  a  task  of  great  difficulty  and  of  some  danger ; 
and  it  was  therefore  not  until  the  stratum  furnishing  it  was  dia- 
covered  in  1836  inland  at  Grosmont,  on  the  line  of  the  railway, 
at  that  time  recently  opened,  that  any  quantity  of  the  ironstone 
waa  consigned  to  the  ironmasters  of  the  I^-ne.  Despite  the  facili- 
ties for  transit,  being  sent  down  by  rail  to  Whitby  and  shipped  at 
all  seasons  for  the  Tyne,  this  first  industrial  application  of  the  Cleve- 
land main  seam  did  not  materially  advance  the  iron-industry,  as  is 
proved  by  the  fact  that  for  fourteen  years  afterwards  only  two  fur- 
naces,  and  those  built  under  somewhat  peculiar  circumstances,  were 
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added  to  the  five  in  blast  on  the  Tyne  previous  to  the  importation 
of  this  ore. 

Obviously  the  merit  of  having  introduced  the  iron-industry  to 
the  immensely  important  district  it  now  occupies  does  not  belong  to 
Bewick. 

The  operations  of  the  Messrs.  Roseby  at  Skinningrove  were  un- 
doubtedly the  first  steps  to  the  practical  application  of  the  discovery 
of  the  main  seam  in  the  north  of  Cleveland,  and  led  to  the  com- 
mercial discovery  of  ironstone  in  other  localities.  The  development 
of  these  mines,  until  railway  communication  was  made,  was  re- 
tarded by  the  mode  of  transit.  The  Messrs.  Bolckow  and  Vaughan, 
experiencing  the  usual  drawbacks  of  beach -shipping,  rediscovered 
the  main  seam  at  Eston  near  Middlesborough.  The  success  attending 
their  new  enterprise  was  due  alike  to  a  fortunate  combination  of 
circumstances,  as  also  to  the  vigour  with  which  they  grasped  tht;ir 
opportunities,  and  to  them  a  large  share  of  the  merit  is  due  of 
having  laid  the  foundations  of  the  vast  industry  centred  at  Middles- 
borough. 

Chemical  Composition, — At  the  outcrop  the  stone  presents  a  rich 
ferruginous  aspect;  but  portions  that  have  been  protected  from 
atmospheric  influences  are  of  an  olive-  or  bluish-green  colour,  and 
the  gradual  change  may  be  observed  in  blocks  freshly  broken.  The 
composition  of  the  ore  before  oxidization  is  that  of  carbonate  of 
iron ;  but  when  exposed  to  the  action  of  moist  air  it  passes  into  a 
brown  hydrated  peroxide  of  iron.  The  green  colour  is  due  to  the 
presence  of  an  earthy  mineral  called  glauconitc,  having  the  general 
composition  of  silicate  of  the  protoxide  of  iron  with  some  magnesia 
and  water,  often  with  other  ingredients.  It  is  also  probable  that 
the  stone  owes  its  bluish  tinge  to  phosphate  of  iron. 

The  different  physical  characters  presented  by  various  parts  of 
the  seam  (described  ante,  p.  119)  would  lead  us  to  infer  differences 
in  the  chemical  composition.  However,  a  study  of  the  subjoined 
analyses  will  prove  that  the  chemical  differences  are  not  in  kind, 
but  only  in  the  relative  proportions  of  the  several  substances.  These 
analyses  show  further  that  the  same  part  of  the  seam  exhibits  some 
considerable  variability  in  the  distribution  of  the  constituent  ingre- 
dients (compare  analyses  by  Messrs.  Crowder  and  Pattinson) — so 
much  BO  that  we  must  not  place  too  great  reliance  upon  them  as  a 
basis  for  rigorous  comparison.  We  may,  however,  safely  deduce  that 
the  main  mass  of  the  stone  of  the  Eston  and  Upleatham  Hills  yields 
an  average  of  32  per  cent,  of  metallic  iron,  the  greater  bulk  of  the 
iron  existing  as  a  protoxide  in  combination  with  carbonic  acid. 
The  quantity  of  silica  is  about  9  per  cent,  on  the  average,  ranging 
as  high  as  23  at  Normanby  ;  it  exists  in  a  soluble  form,  undoubt- 
edly in  combination  with  protoxide  of  iron,  as  the  green-colouring 
ingredient,  and  as  a  constituent  of  the  argillaceous  matter  mixed 
with  the  ferriferous  portions.  The  percentage  of  alumina  is  about 
12,  and  that  of  the  lime  very  variable ;  the  quantity  is  probably  de- 
pendent on  the  amount  of  shelly  debris  in  the  stone :  the  average 
is  2-75  per  cent,  embracing  a  range  from  a  trace  to  7*35  per  cent., 
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the  OrMmont  Btone  appearing  to  contain  as  much  as  11*90  percent. 
The  ahsolute  amoont  of  lime  is  not  high  enough  to  entitle  the  ore 
to  he  called  ealcareouB — ^though,  contrasted  with  the  silieeous  yaiiety 
oocniring  at  the  hase  of  the  Inferior  Oolite,  and  known  as  the 
^  Top  Seamy"  it  may  he  so  designated.  The  distribution  of  magnesia 
is  more  uniform  than  that  of  the  lime ;  the  various  analyses  all 
approximate  to  the  average  of  about  3  per  cent.  As  it  is  highly 
probable  that  much  of  the  magnesia  is  an  ingredient  of  the  green* 
eolouring  matter,  the  general  difibsion  of  the  latter  accounts  ioit  the 
umfonnity  of  distribution  of  the  former. 

The  phosphorus  is  variable,  but  has  no  relation  to  the  quantity 
of  lime,  bmng  rather  in  an  inverBO  than  in  a  direct  ratio ;  its  per- 
centage is  about  1*5.  The  phosphates  which  are  disseminated  in 
the  ironstone  have  been  derived  ^m  the  imbedded  organisms ;  and 
to  their  unequal  distribution  may  be  ascribed  the  great  variability 
in  the  quantity  of  phosphorus. 

Traces  of  sulphur  are  generally  present ;  and  small  quantities  of 
manganese  have  been  detected  in  a  few  instances. 

In  addition  to  the  substances  mentioned  in  the  Table  of  Analyses, 
Mr.  Dick*  includes  in  an  analysis  of  Eston  stone  0*27  per  cent,  of 
potash,  and  0*03  of  titanic  add.  The  latter  was  detected  in  the 
residue  in  the  form  of  mieroscopio  crystals  f. 

Mr.  J.  Pattinson,  jun.,  has  detected  traces  of  nickd  and  cobalt. 
**  A  quantitative  analysiB  showed  timtlhe  ironstone  contained  0-72 
of  a  grain  of  mokd  and  0*42  of  a  grain  of  cobalt  per  pound.  The 
presence  of  these  metals  in  the  stone  was  confirmed  by  their  deter- 
mination in  the  pig-iron,  malleable  iron,  and  fnmaoe-sbig,  all  of 
which  wore  produced  from  Cleveland  ironstone  without  any  admix- 
ture of  other  ores." 

The  occurrence  of  zinc  in  the  Cleveland  ironstone  had  been  long 
suspected,  from  the  deposition  of  oxide  of  zinc  in  the  tubes  convey- 
ing the  waste  gases  from  the  blast-furnaces  in  which  this  ironstone 
is  smelted ;  indeed  it  appears  that  a  few  pieces  of  zinc-blende  hud 
occasionally  been  found  in  the  mines,  but  so  rarely  as  to  lead  to  the 
conclusion  that  zinc  must  be  somewhat  uniformly  diffused  throiigli- 
out  the  mass  of  the  deposit.  This  was  ascertained  to  be  the  case 
by  Mr.  J.  Pattinson,  jun.,  who  submitted  a  specimen  of  stone  from 
the  Upleatbam  mines,  containing  no  visible  pieces  of  zinc-blende,  to 
analysis,  and  obtained  a  quantity  of  the  oxide  of  zinc,  equal  to  about 
10  grains  per  ton  of  ironstone.  This  dissemination  of  zinc  in  an 
invisible  form  over  a  large  extent  of  rock  is  no  longer  an  isolated 
phenomenon,  as  Mr.  E.  T.  HardmanJ  has  determined  the  melal  to 
be  widely  scattered  over  a  large  area  of  the  Hard  Chalk  in  the  N.AV. 
of  Ireland,  but  probably  as  a  carbonate. 

»  *•  Cleveland  Ore."    Mem.  Gcol.  Surv.  Iron  Ores. 

t  '•  Some  of  these,  which  aro  white,  are  quartz  ;  otliera,  wliicli  are  black  niul 
pyramidul,  consist  chiefly  of  titanic  acid.  Prof.  Miller  of  Cambridge  eiic- 
Ci?eded  in  measuring  some  of  the  angles  of  the  crystals  containing  titanic  acid, 
ami  found  that  thev  corresponded  to  similar  angles  in  anatase." 

t  Geol.  Mag.  vol.  x.  p.  434. 
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Our  experiences  of  the  visible  presence  of  zinc-blende  in  the  Iron- 
stone and  associated  strata  are : — 

In  the  main  seam  it  is  chiefly  confined  to  the  dogger  and  upper 
part  of  the  main  block,  and  is  usually  associated  with  the  clay- 
ironstone-like  portions,  apparently  as  a  nucleus  to  these  ill-defined 
concentric  lumps  of  more  argillaceous  stone :  in  such  cases  the  mine- 
ral has  an  imperfectly  rhombic-dodecahedral  form ;  and  specimens 
as  large  as  a  tennis-ball  have  been  obtained  by  us.  We  do  not 
consider  it  to  be  at  all  rare. 

This  association  of  zinc-blende  and  carbonate  of  iron  is  not  re- 
stricted to  the  main  seam,  and  has  been  found  to  subsist  in  every 
possible  case  throughout  the  Lias ;  that  is  to  say,  wherever  impure 
limestones  acquire  a  ferruginous  property,  ziDc-blende  is  deve- 
loped within  them.  Thus  the  clay-ironstone  nodules  of  the  Middle 
lias  and  those  of  the  upper  part  of  the  Lower  Lias,  in  llobin 
Hood's  Bay,  are  invariably  septariated  by  the  mineral ;  and  in  other 
cases  irregular  pieces  appear  in  the  centre  of  the  masses.  Young 
states  that  **•  zinc  in  the  state  of  blende  is  not  uncommon  in  these 
beds  [the  Kettleness  or  Ironstone  beds],  especially  in  Ammonites 
and  petrified  wood ;  in  some  specimens  of  the  latter  we  find  longi- 
tudinal veins  of  pyrites  intersected  by  cross  veins  of  blende,  jfiio 
same  mineral  is  also  met  with  in  other  parts  of  the  aluminous 
[that  is,  liassic]  strata"  (p.  145).  We  have  discovered  it  also 
among  the  limestone  nodules  of  the  Upper  Lias,  but  more  rarely, 
and  generally  only  in  the  presence  of  some  organism.  We  have 
found  it  filling  the  interior  of  bivalve  shells,  and  casts  of  the  alveolar 
cavity  of  Belemnites  in  this  mineral  have  been  encountered,  and 
also  pseudomorphs  of  Protocardia  and  of  some  other  fossils,  in  the 
margaritatuS'  and  capricorntis-heds  of  Huntcliflf,  Stfuthes,  and 
elsewhere. 

The  form  of  a  compressed  branch  obtained  from  the  main  seam 
at  Hobb  Hill,  Saltbum,  consisted  of  calcitc  and  lignite,  with  crys- 
tals of  blende  imbedded  in  the  calcite.  From  the  dissemination  of 
the  zinc  in  the  main  seam  it  would  seem  that  it  had  a  contempora- 
neous origin  with  original  limestone  ;  but  the  modes  of  occurrence 
of  visible  blende  in  the  ironstone  and  elsewhere  indicate,  on  the 
other  hand,  that  the  zinc  had  been  introduced  subsequently  to  the 
deposition  of  the  rocks ;  and  from  the  fact  of  its  association  with  the 
carbonate  of  iron  we  are  led  to  surmise  that  the  origins  of  the  two 
minerals,  in  their  present  condition,  are  related.  There  can  be  no 
doubt  as  to  the  formation  of  the  blende  within  the  rock,  that  it  is 
not  of  extraneous  origin.  It  is,  however,  possible  that  the  zinc  may 
have  been  brought  in  by  the  agency  of  water  at  a  still  later  period — 
that  is,  after  the  completion  of  those  changes  resulting  in  the  forma- 
tion of  the  carbonate  of  iron.  But  in  either  case  the  zinc  must  have 
been  carried  into  the  rock  in  some  other  form  than  that  in  which  it 
now  exists ;  its  association  with  organic  matter  renders  possible  the 
opinion  that  it  is  pseudomorphic  after  iron-pyrites. 

h2 
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Oriqiw  of  the  Cleteland  Main  Seam. 

As  we  have  seen  that  the  rock  may  be  described  as  a  carbonate  of 
protoxide  of  iron,  it  becomes  evident  that  it  could  not  have  been 
deposited  in  the  sea  in  its  present  form ;  for  the  protoxide  could  not 
fail  to  be  converted  into  peroxide  by  the  sea- water,  on  account  of  its 
strong  affinity  for  oxygen.  It  must  therefore  have  been  deposited 
in  a  different  form,  and  subsequently  altered.  On  this  several  inter- 
esting questions  arise.  What  was  its  original  composition  ?  What 
changes  have  taken  place  ?  and  have  we  any  indication  of  their 
nature  in  the  rock  itself?  Was  the  iron  in  the  rock  in  its  original 
state,  only  in  a  different  combination?  or  has  it  been  subsequently 
introduced  ?  It  is  plain  that  we  must  seek  the  answer  to  the  second 
question  first. 

An  examination  of  the  composition  of  the  shells  of  the  seam 
shows  that  whilst  some  of  them  still  retain  their  original  composi- 
tion, almost  entirely  carbonate  of  lime,  others  have  changed  into 
carbonate  of  iron*,  which  by  subsequent  atmospheric  action  has 
been  converted  into  the  hydrous  peroxide  of  iron ;  it  is  from  this 
cause  that  some  fossils  have  acquired  that  rich  ruddy  tinge  that 
renders  them  so  conspicuous  to  the  eye  of  the  fossil -collector,  on  the 
still  greenish  surfaces  of  weathering  blocks.  The  development  of 
colour  in  shells  long  submitted  to  such  agency  is  regarded  by  us  as 
indicative  of  the  presence  of  iron,  and  of  the  present  composition  of 
the  shell. 

'  The  difference  in  the  composition  of  the  shells  is  certainly  due,  in 
some  instances  at  least,  to  the  original  texture  of  the  shell.  It  will 
be  conceded  that,  as  the  shells  were  originally  of  carbonate  of  lime, 
and  are  now  constituted  of  carbonate  of  iron,  the  iron  haa  re- 
placed the  lime.  Certain  kinds  of  sheUs  have  been  more  affected 
than  others :  these  include,  among  the  commoner  forms,  Ammonites, 
Cucullseas,  Trigonias,  Astartes,  Ceromyas,  and  Gasteropod  shells,  the 
tests  of  which  are  laminated  in  structure  and  moilerately  thin; 
whilst  the  thick  shells  of  oysters,  and  the  prismatic  tests  of  Bekm- 
nites,  Aviculao,  Inoceramus,  Pecten,  Linias,  and  Echinodcrms  seem 
still  to  be  composed  of  carbonate  of  lime.  The  inference  that  the 
more  highly  crystalline  carbonate  of  lime  composing  the  shells 
mentioned  in  the  latter  category  was  less  affected  by  external 
agencies,  is  quite  in  accordance  with  analogous  observations.  The 
occasional  occurrence  of  the  tests  of  Ammonites,  Trigonias,  Hippo- 

*  Mr.  Sorby  illustrates  such  a  change  in  a  shell  from  the  inferior  oolite  of 
Robin  Hood's  Bay  by  the  following  analysis : — 

Carbonate  of  iron  780 

„              lime  r)-2 

,,             magnesia  31 

Peroxide  of  iron 109 

Water  2-1 

Carbon 01 

Silica    0(> 

1000 
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podiumSy  and  other  large  shells  as  pseudomorphs  in  calcite  dees  not 
affect  the  inquiry. 

<^  The  microscopical  investigation  of  a  thin  transparent  section  of 
the  stone  shows  far  more  clearly  that  the  minute  fragments  of  shell 
have  heen  similarly  altered — the  replacing  carbonate  of  iron,  extend- 
ing as  yellowish  obtuse  rhombic  crystals  from  the  outside  to  a  vari- 
able distance  inwards,  often  leaving  the  centre  in  its  original 
condition  as  clear  colourless  carbonate  of  lime,  though  in  many 
instances  the  whole  is  changed.  The  oohtic  grains  likewise  have 
such  peculiarities  as  indicate  that  they  were  altered  after  depo- 
sition. 

'*The  peculiarities  in  microscopic  structure  already  described 
prove  that  the  same  change  has  occurred  in  the  case  of  a  large  pro- 
portion of  the  constituents  of  the  Cleveland  Ironstone ;  and  according 
to  this  view  I  propose  to  explain  its  general  constitution.  All  that  is 
assumed  is  that  it  did  also  in  a  similar  manner  affect  the  more 
finely  grained  particles,  which  do  not  and  could  not  present  such 
facts  as  actually  prove  it  to  have  been  so,  and  yet  would  bo  more 
perfectly  exposed  to  such  a  process  of  alteration.  The  general  ap- 
pearance of  the  stone  agrees  remarkably  well  with  this  supposition  ; 
for  when  examined  with  the  microscope  it  is  seen  to  be  extremely 
like  many  limestones  in  all  such  particulars  as  are  compatible  with 
the  subsequent  alteration  being  oolitic  with  small  fragments  of  shells 
and  patches  of  finer  granular  matter,  as  is  the  case  in  many  oolitic 
limestones"  (Sorby). 

Towards  the  upper  part  of  the  main  block  in  the  Eston  mines  we 
have  occasionally  found  small  lumps  of  unaltered  rock,  which,  from 
agreeing  with  the  prevailing  structure  of  the  ironstone,  may  be  re- 
garded as  the  stone  in  its  original  condition.  These  lumps  consist 
of  a  white  and  greyish  chalky  paste  with  imbedded  grains,  some 
light-coloured,  others  green,  and  mixed  with  much  slicUy  matter ; 
an  identical  substance  has  been  recognized  filling  the  interiors 
of  some  shells.  This  material  is  comparable  in  its  general  ap- 
pearance to  the  chloritic  limestone  of  the  north  of  Ireland,  and 
with  the  chloritic  marls  of  the  south-west  of  England. 

"  Independent,  then,  of  the  silica  and  alumina,  resulting  from  the 
clay,  so  commonly  found  in  limestones,  and  the  phosphate  of  iron, 
the  general  composition  of  the  ironstone  is  very  similar  to  that  of  the 
altered  shell  (compare  analyses  at  pp.  104,  105) ;  so  that,  as  far  as  the 
chemical  composition  is  concerned,  the  same  circumstances  that  must 
have  altered  the  shell  may  have  changed  an  ordinary  limestone  into 
such  a  rock  in  the  manner  indicated  by  the  microscopical  structure 
to  have  really  heen  the  case. 

"  The  silicate  of  iron  and  the  phosphate  of  iron,  to  which  the 
rock  owes  its  grec  n  colour,  have  been  most  probably  formed  by  the 
same  process,  from  the  decomposition  of  the  phosphate  of  lime  so 
often  found  in  limestones,  and  the  silicate  of  alumina  of  the  clay  ; 
for  phosphate  of  iron  is  produced  by  the  action  of  bicarbonate  of 
iron  on  phosphate  of  lime,  and  many  facts  indicate  that  the  silica 
of  the  silicate  of  iron  could  be  thus  derived,  either  by  the  direct 
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replacement  of  the  alumina  of  the  clay  by  the  oxide  of  iron,  or  by 
the  decomposition  of  silicate  of  lime.  This  docs  not  occur  in  some 
limestones,  and  may  have  been  formed  from  ordinary  clay  by  the 
action  of  the  sulphate  or  hydrate  of  lime,  which  are  met  with  in 
recent  limestones  and  coral  reefs  "  (Sorby). 

Mr.  Sorby  concludes  that  the  Cleveland  stone  was  a  kind  of 
oolitic  limestone  intcrstratificdwith  clays  containing  a  large  amount 
of  oxide  of  iron  and  organic  matter,  which,  by  their  mutual  rcac-* 
tion,  gave  rise  to  a  solution  of  bicarbonate  of  iron — that  this  solution 
percolated  through  the  limestone,  and,  removing  a  large  part  of  the 
carbonate  of  lime  by  solution,  left  in  its  place  carbonate  of  iron — and 
not  that  the  rock  was  formed  as  a  simple  deposit  at  the  bottom  of 
the  sea. 


CHAPTEB  XT. 


203rE  OF  iiacoarrrK  AMxmJxm^ 


Tsia  aubordinaU  member  of  the  lA&s^  deecnbed  b^  Youiig  ftnd  Eird 
(Qeol*  Suit,  p.  142,  1828)  m  the  Hard  and  Compact  Alum  Shalci^ 
u  one  which  has  been  fully  recx^gniied  in  its  Utho logical  characters 
liy  the  sinkers  and  minera  in  deyeknd. 

The  rock  ]&  a  mieaeeoiis  sandy  shale  of  m  ^oiLTGer  texture  than 
that  of  the  higher  and  lower  beds — hard,  compact,  and  bluiah  grey 
vhere  protctte<l  from  atmospheric  inHiienccs,  but  crumbling  into  smaU 
BuUrhamboidal  fragments  of  a  groyisli  colour  in  exposed  {dtuationa. 
Thin  sandetones  occur  in  the  lower  part  of  these  beds,  as  exhibited 
in  the  banks  of  the  Murk  Eek,  at  {}roimoBt*  It  is  very  regularly 
priamaticoUy  jointed,  a^  may  be  seen  at  Hobb  HiU,  near  Saltbum^ 
West  Upsall,  south  side  of  fcston  Moor,  in  West  .Arncliffe,  Glaize- 
dakf  &e.  Tiows  of  ferrugineo-at^laceoufl  limeatone  ballfl  of  incon- 
fiiderablo  size  occur  at  irregular  intervala  throughout  the  zone* 
Thcfeo  bulla  VLTL^  extremely  hard,  and  of  a  dark  iron-grey  colour 
when  nnweathered,  but  after  long  ezpoanre  ahow  an  outer  ferru- 
ginous casing  or  box  with  a  soft  arenaceo-aigillaceous  mass  within. 
Large  masses  of  a  blue  septariated  hydraulic  limestone  are  to  be 
seen  in  the  section  at  Glaizedale. 

The  majority  of  the  balls  are  unfossiliferous ;  but  an  example  may 
occasionally  be  found  to  contain  many  of  the  smaller  species  recorded 
in  the  list  of  fossils.  However,  nearly  every  nodule  forming  a  band 
towards  the  middle  part  of  the  zone  contains  either  one  or  two 
specimens  of  Ammonites  annulatus,  or  the  alveolus  of  a  Belemnite, 
the  guard  projecting  from  the  nodule  and  resting  on  the  shale. 
These  ammonitiferous  balls  are  exposed  on  the  flat  shore  in  Huns- 
wick  Bay,  opposite  Hob  Hole,  and  in  Blackenberry  Wyke,  south  of 
Staithes,  as  also  in  various  cliff-sections  on  the  coMt  and  inland. 

The  "  grey  shales  "  present  such  physical  characters  as  readily 
serve  to  distinguish  them  from  the  Jet  Hock  or  Alum  Shale,  but 
have  close  agreement  with  the  shales  forming  part  of  the  Ironstone- 
series  of  the  Middle  Lias ;  however,  the  smoothness  and  darker 
colour  of  the  latter,  and  more  especially  the  distinct  species  of  Am- 
monites in  each,  will  enable  one  to  separate  them.  The  practical 
value  of  this  knowledge  is  not  to  be  underrated ;  and  we  know  that 
in  two  instances  a  search  for  the  Cleveland  main  seam  [has  been 
prosecuted  in  the  lower  shales  of  the  Middle  Lias,  in  the  belief  that 
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they  were  "  grey  shales,"  despite  the  palseontological  evidence  to 
the  contrary. 

The  rock  is  economically  unimportant.  The  zone  is  remarkahly 
constant  in  mineral  character ;  and  although  a  comparatively  thin 
stratum,  yet  it  is  very  persistent  throughout  Cleveland.  Its  thick- 
ness, which  averages  30  feet,  has  been  determined  at  the  following 
localities : — 

Hawsker 36  feet.  Eston  Nab    33  feet. 

Staithes    40    „  Cod  Hill,  Ouittborough  30    ., 

Rockdiff 31     „  Whorlton  Hill     26    „ 

Hob  Hill 31     „  Glaizedale    26    „ 


Section  at  Hohh  Hill  (continued  from  p.  135). 

ft  in. 
Jet  Rock. 

Sandy  ahales,  about  16    0 

Bound  doggers  1  o    ^ 

Sandyshalw  M 

Bound  dogger,  Ammonites  annulatus  and  other  1 

fossils l4    6 

Sandy  shales J 

Small  doggers 1  .  „ 

Sandy  shales  /*  ^^ 

Ferriferous  nodules,  Astarte  Ac 1  *>    n 

Sandy  shales j"^    " 

30    9 

Ironstone  Series. 

Hard  laminated  shale  0    9 

Botten  calcareous  shale    0    3 

Dogger  of  main  seam. 

The  line  of  junction  between  the  Ironstone  series  and  the  grey 
shales  is  strongly  marked  in  the  north-west  of  Cleveland,  no  greater 
contrast  than  between  the  argillaceous  beds  of  the  annulatus-zonA 
and  bright  greenish-blue  of  the  massive  ironstoue  can  well  bo  con- 
ceived. In  the  preceding  Chapter  we  have  drawn  attention  to  the 
development  of  shales  above  the  main  seam  in  all  directions  from 
Eston,  slight  indications  of  which  are  exhibited  in  the  foregoing 
section.  These  constitute  a  lithological  transition  between  the  two 
zones ;  and  examples  of  such  gradations  as  at  Staithes,  Eettleness, 
Grosmont,  &c.  have  been  fully  referred  to.  In  these  cases  the  line  of 
demarcation  between  the  two  formations  has  been  hitherto  drawn  less 
upon  paheontological  than  upon  lithological  differences.  As  the  *'  grey 
shales  "  of  the  Ironstone-pit  sections  comprise  all  the  shales  inter- 
vening between  the  Jet  rock  and  the  Cleveland  main  seam,  so  their 
thickness  is  falsified  by  that  of  the  shales,  which  seem  to  belong  to 
the  BpinatM'%me%.     At  Grosmont  they  are  27  feet  thick. 
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Section  at  RocJccliff  (coniinxied  from  p.  133). 

ft.  in. 
Jet  Bock. 

Grey  shale,  estimated   15  0 

Haiti  ferruginous  shale,  making  a  strong  line  in 

the  cliif  {Ai/i.  annulatus) 0  8 

Grej  shale 1  1 

Paper  shale  (like  Jet  rock) 0  9 

Sandy  shale    2  3 

Lino  of  doggers 0  3 

Sandy  shale    0  11 

Lino  of  doggers 0  2 

Sandy  shale    1  5 

Line  of  oval  doggers 0  2 

Friable  shale 0  11 

Line  of  oval  doggers 0  2 

Friable  shale 1  4 

Line  of  oval  doggers 0  4 

Sandy  shale    1  9 

Line  of  cylindrical  doggers,  Belemnites 0  1 

Sandy  shale,  pas>«ing  into : —    3  (i 

30    9 

Spinatua-BerieB. 

Laminated  shale   1  9 

Friable  shale 2  3 

Dogser  (Pholadomi/a  ambigua)   0  2 

Hard  shale , 3  9 

Tho  exposures  of  this  zone  are  numerous ;  and  as  its  range  almost 
universally  confoims  with  that  of  the  sjitinatus-zone^  it  is  not  neces- 
sary to  enter  into  details  connected  therewith.  At  the  Peak  it  is 
seen  on  the  seashore  without  rising  into  the  cliff.  In  Howdale  Beck 
its  exact  relation  to  tho  beds  above  and  below  is  seen  in  the  gorge- 
side.  It  is  conspicuous  in  the  Huwsker  cliffs,  and  descends  to  the 
seashore  at  Ilawsker  Bottoms. 

It  emerges  from  below  high- water  mark  on  approaching  Kettle- 
ness,  where  it  occurs  a  little  up  in  tho  cliff,  but  sinks  below  the 
surface  at  the  south-west  corner  of  the  Bay.  It  occupies  the  sliore- 
line  between  Port  Mulgravc  and  Brakcuberry  Wyke,  where  it  is 
thrown  up  into  the  cliff,  and  may  be  well  studied  at  Old  Nab,  and 
again  on  the  high  ground  over  Staithcs.  It  is  exposed  in  Park 
"Wood,  on  the  banks  of  Easington  Bock,  is  well  seen  along  tho  front 
of  Boulby  Cliffs,  is  visible  in  the  railway  cutting  at  Huntcliff,  at  side 
of  Ilobb  Hill,  and  the  scarped  face  of  the  Upleatham,  FiSton,  and 
Normanby  mines,  at  Slape  Walh  and  Cod  Hill  (near  Guisborough), 
at  the  Kil(hile  mines — though  not  well  seen  in  the  Stokesly  hills,  yet 
is  recognizable  in  the  outlier  of  Whorlton,  the  most  southern  expo- 
sure of  the  an nulatns -hods  in  Cleveland,  though  undoubtedly  present 
further  south,  as  may  bo  inferred  from  tho  interval  between  tho 
main  scam  and  jet  rock. 

The  series  is  typically  developed  in  West  Arncliffe,  Glaizedale,  at 
Blue  Bank,  between  Egton  and  Grosmont,  and  in  the  banks  of  tho 
Murk  Esk  at  Grosmont. 
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These  shales  are  not  olearly  shown  in  £ilsdale  or  Raisdale ;  but 
there  is  a  good  section  of  them  with  their  characteristic  Ammonite 
in  Bransdale,  in  the  banks  of  the  beck  by  Catherine  House,  as  also 
in  Famdale,  in  the  course  of  the  lower  part  of  the  river  Dove.  In 
Eosedale  they  are  well  displayed  in  Thor  QUI ;  and  here  their  strati- 
graphical  position  is  clear. 

In  the  Sessay  cutting  (before  mentioned)  these  shales  follow  the 
spinatus'heda,  and  show  their  characteristic  appearance  and  Ammo- 
nite. Shales  occurring  on  the  hill- side  at  Easing  wold,  past  the 
Workhouse,  appear  to  belong  here.  After  these  scattered  exposures 
the  only  other  occurrence  we  can  mention  is  in  a  well-sinking  at 
Millington,  near  Pocklington,  the  zone  not  being  otherwise  known 
south  of  the  overlap  of  the  Oolite  and  Chalk. 

Paleontology. 

We  impose  on  the  lithological  horizon  of  the  Grey  Shales  the 
pals&ontological  cognomen  of  the  zone  of  Ammanites  annulatus,  from 
the  circumstance  of  the  great  abundance  of  this  Ammonite,  first 
noted  by  Hunton  (Trans.  Geol.  Soc,  2nd  ser.  vol.  v.  p.  215).  It  is 
moreover  the  only  species  of  the  genus  at  all  common,  and,  so  far 
as  we  are  aware,  is  confined  to  this  stratum. 

Possils  are  not  abundant,  excepting  some  two  or  three  species, 
and  unless  when  contained  in  nodules  are  mere  shelly  films  or  are 
BO  crushed  as  to  render  their  specific  determinations  extremely  un- 
satisfactory. The  majority  are  located  towards  the  base  of  the 
series ;  but  all  the  quoted  species  have  been  found  associated  with 
the  dominant  Ammonite ;  most  of  them  are  of  small  size  ;  and  their 
imperfect  preservation  will  account  for  the  reputed  barrenness  in 
fossils  of  these  "  Grey  Shales." 

The  subjoined  list  of  species  contains  more  Middle-Lias  than  Upper- 
Lias  forms :  the  facies  is  most  decidedly  medioliassic ;  the  charac- 
teristic Ammonite  belongs,  however,  to  an  Upper  Liassic  group.  From 
our  knowledge  of  the  fauna  we  do  not  hesitate  to  include  the  "  grey 
shales  "  in  the  Middle  Lias  ;  though  the  expediency  of  such  a  course 
may  be  doubted,  as  it  disturbs  without  much  gain  the  classification 
applied  to  external  districts.  Of  the  two  arbitrary  lines  which 
ceuld  be  drawn  in  Yorkshire,  separating  Middle  from  Upper  Lias, 
that  at  the  base  of  the  Jet  rock  accords  more  with  the  palaeontolo- 
gical  features  than  the  one  at  the  base  of  the  annulaivs-sheleB.  ITie 
fossils  of  the  Jet  rock,  which,  however,  arc  few  in  number  as  regards 
species,  are  either  peculiar  or  pass  up  into  the  Alum  Shale ;  they 
are  decidedly  Upper  Liassic.  In  the  Midland  and  south-west 
counties  the  intermingling  of  well-marked  Upper-Lias  forms  in  the 
top  bed  of  the  spinatus-BerieB  is  rather  a  converse  phenomenon  to 
the  one  indicated  for  the  Yorkshire  transition  beds.  A,  s/Anattts 
and  A.  communis  occur  together  in  the  ironstone  around  Banbury, 
and  in  the  rock-bed  of  the  Middle  Lias  in  Dorsetshire;  but  A. 
annulatus  is  associated  with  A,  hifrons  and  other  Upper-Lias  species 
in  the  Leptana-hedA  of  Ilminster.    Thus,  while  this  paloeontological 


172 


TUB   YOESSUmB   LIAS, 


Overlap  occurs  in  the  equivalent  to  the  Cleveland  main  seam  in  the 
fionthexii  and  midland  counties,  io  Yorkshire  it  is  restricted  to  the 
overlying  "  grey  shales  ;'*  a  single  specinjen  of  Ammonites  Holandffi 
in  the  ironstone  at  Hoh  Hill^  of  the  vast  multitude  of  individuallorma^ 
oau  aione  claim  an  I>  pper-IiaB  home. 


List  of  Fossih  frmn  (he  zona  of  Ammonites  annulatus. 


IchlliycMaunis,  ap. 

JLmiaoniteB  ^inuliituj, 

margttritatns, 

■        eomucopia. 

&v  micelatUA. 

BelettmitoB  c^^indrif^uH. 

lAtiEfulcatUd. 

bferifortuin, 

pblleit* 

Talidua» 

sQ&tntMita». 

ActibOTima  te#5tUfltii, 
CliemiiiUm  BMnnllei. 
* — -  m;>4;Lila. 
Ccrithiuco  liiuAsicum. 
Dental  turn  elongatum. 

Euo^L^iis  dng«tidiiA, 
PitotiQlus  ttirbiTiatua  ?   (famt), 
Turbo  cydo^toitiii  ?  (ca^t). 
Afltarte  etrntoauLoita. 


Monolis  iTifequivmldfit 

papjria. 

ProtoQurdium  truncatuiQ^ 
Mucrodon  iutermedtoa. 
Cypripardia  euctillota* 
Goiiiomja  h^bridn. 
GrefliljA  iuUvrtnedia, 
Inooonimiis  dubiua^ 
LedA  gulti^hea. 
lAtnti  g&lAlbra. 
Modiola  nuniismidJA, 
'•^-- —  ecalprmn. 

Fecteu  tubstnatu^^ 

' fflquiTalvia. 

FinnA  spoils  tilattti  ? 
Flciirom^m  rotundatm. 
Fhaloddm^a  ambignia. 
UniLArdiuhn  sub^clobosum. 
RhjiichunelLi  jureaisis. 
Butiia^riuus  bHiLTBiu. 
C6leppU*r  (Blytron). 


CHAPTER  XVI. 

JST-BOCK  SERIES;  OB  THE  ZONE  OP  AXMONITES  SERPENTLNrS. 

Such  is  the  palaeontological  desigaation  given  by  us  to  the  series  of 
beds  which  occupies  the  lower  portion  of  the  Upper  Lias,  and  lies  above 
the  annulatusshales  (just  described)  and  beneath  the  rooks  containing 
Ammonites  communis  and  A,  bifrons.  From  the  occurrence  in  them, 
however,  of  jet,  it  is  more  common  to  call  them,  in  Yorkshire,  the 
Jet-rocks;  but  this,  though  convenient,  is  to  a  certain  extent 
misleading,  because  we  are  obliged  palseontologically  to  include  beds 
in  the  zone  which  do  not  peld  jet,  this  last  property  being  quite 
a  local  and  accidental  one.  The  presence,  however,  of  the  zone 
inland  is  commonly  indicated  by  the  workings  for  jet ;  and  thus, 
though  its  exposures  are  numerous,  it  is  generally  only  one  portion 
that  can  bo  seen.  The  series  consists  at  the  top  of  hard  smooth 
friable  shales  of  a  light  colour  and  slaty  appearance,  succeeded  by 
strong  compact  bituminous  shaly  rock,  often  sulphurous,  running 
into  hard  stone  bands,  or  large  lenticular  masses  like  huge  cheeses, 
and  containing  jet  in  the  interstices  between  the  layers,  in  thin 
outspread  masses.  The  hardness,  blacker  colour,  and  odour  (when 
perceptible)  of  these  shales  will  always  distinguish  them  from 
others ;  and,  owing  to  their  compactness,  the  very  minute  laminations 
are  often  very  clearly  visible. 

The  Jet  shale,  though  excessively  hard  and  compact  when  first 
mined,  soon  breaks  up  on  exposure  to  the  atmosphere  into  exceed- 
ingly thin  laminae  of  a  brownish  colour,  whilst  the  overlying  Alum 
shale  crumbles  into  powder  with  a  yellow-white  exterior. 

These  shales  are  in  places  so  highly  impregnated  with  iron  pyrites 
and  bitumen  that  spontaneous  ignition  is  not  of  infrequent  occur- 
rence ;  such  natural  fires  have  been  burning  for  years  at  Staithes, 
Lofthouse,  &c.  A  piece  of  bituminous  shWe  gives  out  a  clear  white 
light  when  put  into  a  bright  fire ;  and  the  quantity  of  oil  that  may 
be  extracted  from  one  ton  of  the  shale  is  computed  at  ten  gallons. 

The  nature  of  the  Jet  shales  gives  a  clue  to  the  origin  of  the  in- 
flammable gas  which  is  not  unfrequently  met  with  in  jet  mines,  in 
pit-sinkings  in  the  rock,  and  in  the  ironstone  mines.  The  workings 
of  ironstone  mines  near  to  the  outcrop,  or  where  the  solid  jet  rock 
does  not  form  a  part  of  the  cover,  are  free  from  gas ;  but  in  the 
majority  of  the  mines  the  jet-shale  makes  a  part  of  the  roof,  and 
in  them  gas  is  present  in  more  or  less  quantity ;  in  some  it  issues 
frombetween  "backs"  of  stone  in  such  considerable  jets  as  to  be  burnt. 
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overlap  ooonn  in  the  equivalent  to  the  Cleveland  main  seam  in  the 
Bonthem  and  midland  counties,  in  Yorkshire  it  is  restricted  to  the 
overlying  ^  grey  shales ;"  a  single  specimen  of  ulmmontttf«^o2afu£m 
in  the  ironstone  at  Hob  Hill,  of  fhe  vast  multitude  of  individual  forms, 
can  alone  claim  an  Upper-lias  home. 


List  ofFoBsiUfrom  ike  zone  0/ Ammonites  annulatus. 


lehlbyonnrus,  ip. 
Ammonites  annuIatuB. 

COIWaTUB. 

margBritatiu. 

^—  cornuoopia. 
^—  somicdatoM. 
Belemnitat  cylindricus. 

latiiulcatus. 

fareriformis. 

— ^-poUei. 

TilidoB. 

atrioUtos. 

-^— aoahrosuft. 
AdJBomna  teasellata. 
Cbemnitiia  BlainTilki. 


Oerithium  liaMOoam. 
Brotelimn  elongatam. 
— —  liaasioum. 
Eiusjdiu  dngendus. 
Pitooillus  tuninatm  ?  (oatt). 
Turbo  OTolo0h>ma?  (oast). 
Astarte  •Criatotuloata. 


IConotiB  imequiTalTis. 

Protooardium  traneatum. 
H acrodon  intennedius. 
C?7pricardia  ouoollata. 
Goniomya  hybrida. 
Greealya  intermedia. 
Inooeramus  dubiui. 
Leda  galathea. 
Lima  ealathea. 
Modicla  numismalia. 
— —  sealprum. 
Nuonla  subgloboaa. 
Pecten  aubatriatua. 

aquiTalna. 

Pinna  apathulata  ? 
Pleuromya  rotundata. 
Pholadomya  ambigua. 
Unioardiom  aabgloboaum. 
Bbyndhcmella  jurenaia. 
Bxtraorinua  briareoa. 
Coleopter  (elytron). 


CHAPTER  XVI. 

JET-BOCK  SERIES;  OB  THE  ZONE  OP  AXMOKITiS  SERPENTINrS. 

Such  is  the  palseontological  designation  given  by  us  to  the  series  of 
beds  which  occupies  the  lower  portion  of  the  Upper  Lias,  and  lies  above 
the  annuZa^t/^-shales  (just  described)  and  beneath  the  rooks  containing 
Ammonites  communis  and  A,  bifrons.  From  the  occurrence  in  them, 
however,  of  jet,  it  is  more  common  to  call  them,  in  Yorkshire,  the 
Jet-rocks;  but  this,  though  convenient,  is  to  a  certain  extent 
misleading,  because  we  are  obliged  palsBontologically  to  include  beds 
in  the  zone  which  do  not  peld  jet,  this  last  property  being  quite 
a  local  and  accidental  one.  The  presence,  however,  of  the  zone 
inland  is  commonly  indicated  by  the  workings  for  jet ;  and  thus, 
though  its  exposures  are  numerous,  it  is  generally  only  one  portion 
that  can  be  seen.  The  series  consists  at  the  top  of  hard  smooth 
friable  shales  of  a  light  colour  and  slaty  appearance,  succeeded  by 
strong  compact  bituminous  shaly  rock,  often  sulphurous,  running 
into  hard  stone  bands,  or  large  lenticular  masses  like  huge  cheeses, 
and  containing  jet  in  the  interstices  between  the  layers,  in  thin 
outspread  masses.  The  hardness,  blacker  colour,  and  odour  (when 
perceptible)  of  these  shales  will  always  distinguish  them  from 
others ;  and,  owing  to  their  compactness,  the  very  minute  laminations 
are  often  very  clearly  visible. 

The  Jet  shale,  though  excessively  hard  and  compact  when  first 
mined,  soon  breaks  up  on  exposure  to  the  atmosphere  into  exceed- 
ingly thin  laminae  of  a  brownish  colour,  whilst  the  overlying  Alum 
shale  crumbles  into  powder  with  a  yellow- white  exterior. 

These  shales  arc  in  places  so  highly  impregnated  with  iron  pyrites 
and  bitumen  that  spontaneous  ignition  is  not  of  infrequent  occur- 
rence ;  such  natural  fires  have  been  burning  for  years  at  Staithes, 
Lofbhouse,  &c.  A  piece  of  bituminous  shUe  gives  out  a  clear  white 
light  when  put  into  a  bright  fire ;  and  the  quantity  of  oil  that  may 
be  extracted  from  one  ton  of  the  shale  is  computed  at  ten  gallons. 

The  nature  of  the  Jet  shales  gives  a  clue  to  the  origin  of  the  in- 
flammable gas  which  is  not  unfrequently  met  with  in  jet  mines,  in 
pit-sinkings  in  the  rock,  and  in  the  ironstone  mines.  The  workings 
of  ironstone  mines  near  to  the  outcrop,  or  where  the  solid  jet  rock 
does  not  form  a  part  of  the  cover,  are  free  from  gas ;  but  in  the 
majority  of  the  mines  the  jet-shale  makes  a  part  of  the  roof,  and 
in  them  gas  is  present  in  more  or  less  quantity ;  in  some  it  issues 
from  between  '^backs''  of  stone  in  such  considerable  jets  as  to  be  burnt. 
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EzploaonB  oooanonally  ooeor,  though  rarelj  seriotu.  The  gas  is 
obviously  a  distillate  from  the  bitnmiiioiis  shales,  whioh  escapes  to 
the  atmosphere  upwards  through  a  light  ooyer ;  but  when  Ibis  is 
impossible^  it  finds  its  way  readily  by  way  of  the  joints  in  ihe 
aimulertics-shales  and  ironstone  to  the  exterior.  In  the  Tiverton 
pit-workings  liquid  bitumen  drips  from  the  fractures  in  the  top 
Uodk  of  stone,  and  exudes  through  it,  as  indicated  by  the  disco- 
loured patches  on  the  pillars,  like  the  moisture  out  of  a  newly 
plastered  walL 

The  upper  beds  of  this  series  pass  gradually  into  the  overlying 
eommums-shales,  there  being  at  that  horiion  no  very  clear  lithological 
distinction.  The  change  into  the  annuJalta-beds  below,  however,  is 
more  marked. 

The  nodules  of  the  jet-rook  have  their  peculiarity;  they  are 
generally  of  an  oval  flattened  shape,  sometimes  of  irr^ular  form  as 
if  two  had  been  welded  t<^ether,  and  of  various  sizes ;  they  are  all 
highly  charged  with  iron-pyrites,  which  is  concentrated  in  a  band 
near  the  outside  and  extends  more  or  less  into  the  interior,  in  which 
if  there  be  any  cavities,  they  are  filled  with  liquid  bitumen.  These 
nodules  are  surrounded  by  an  earthy  band  when  decomposing. 

The  best  looslity  for  the  study  of  these  rocks  is  on  the  sea-coast, 
where  their  succession  is  not  obscured,  although  at  some  inland 
sections,  e,g.  Fryup,  they  may  be  fairly  traced.  At  the  south  of 
Whitby,  near  Saltwiok  Nab,  we  have  the  following  series : — 


Ka 

Idthobgy. 

Thick- 
neat. 

1 
VomSlB.                 1 

1. 

2. 

3. 

4. 

6. 

Blue  shale  with  numerouB  flat- 
tenod  fossils. 

Large  lenticular  doggers,  sul- 
phurous (the  "cheese"  dog- 
ger). 

Blue  hard  semihituminous 
shale. 

Solid  continuous  indurated 
band  of  hard  sulphurous 
shale  ("animal"  dqg^er). 

Hard  blue  rcrv  bituminous 
shale  (jet-rock). 

ft  in. 
10    0 

0  10 

16    0 

1  0 

20    0 

sa/ts,    Ammonites    elegans,\ 
A.8erpentinu«,  A.  hetcrophyl- 
lus,  A,  delicatus^  Inoceramus] 
dulnus.                                 ! 
Ltoceramusdubiua,  A.  clcgans. 

1 

Posidonomya  Bronnii, 

Few   fossils.      Inoc.   dttbius,\ 
Gyrosteua  mirabUis, 

Fish,  reptiles,  &c.    Posidono- 
mya  Brormii. 

Soft  rotten  shales  of  the  annu- 

1 

The  total  thickness  here  is,  therefore,  reckoned  at  about  47  feet, 
but  is  probably  somewhat  more.  The  actual  thickness  of  the  zone 
varies  with  the  other  beds  ;  and  when  fully  developed  it  reaches  from 
60  to  60  feet.  Of  the  two  named  doggers,  one  is  called  the  "  cheese  " 
dogger,  from  its  appearance ;  the  other  the  "  animal "  dogger,  from 
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the  fish-remains  contained  in  it ;  and  it  is  bolow  this  that  jet  is 
plentiful :  between  the  two  it  is  less  so  ;  and  above  the  "  cheese  " 
doggers  there  is  none.  The  most  characteristic  fossil  of  this  series 
is  Inoceramus  duhius ;  there  is  scarcely  ever  an  exposure  of  these 
rocks  to  be  seen,  but  on  one  of  the  fragments  fossils  occur.  Com- 
pressed specimens  also  of  A.  complanatus  and  A,  serpentinus  occur 
over  all  the  beds.  Posidommya  Bronnii,  which  cannot,  we  think, 
be  considered  identical  with  Inoceramus  dubius,  though  so  stated  by 
Prof.  Phillips,  is  a  far  rarer  shell,  and  easily  distinguished. 

Eakge  and  ExposniE  of  the  Jbt-kock  Series. 

The  Jet  rock  begins  to  rise  to  the  sea-level  a  little  to  the  south  of 
the  Peak  fault,  and  forms  the  upper  part  of  the  beach-line  till  cut 
off  by  it.  Here  the  "  cheese-doggers,"  measuring  4  to  5  feet  in 
diameter,  like  thin-edged  millstones,  are  elevated  above  the  general 
level,  on  cones  of  shale,  which,  being  softer,  is  washed  away  all 
around  them.  A  less-fiue  assemblage  of  these  tables  may  be  seen 
on  the  shore  near  Saltwick,  and  between  Sandsend  and  Kettlcness. 
The  shale  beneath  the  doggers  is  covered  with  the  black  guards  of 
Behmnites  iahularis  and  B,  dorscdis,  glistening  among  which  are 
bright  pyritous  casts  of  Ammonites  elegans,  A,  serpentinus,  A,  gracilis^ 
and  Inoceramus  duhius. 

On  the  north  side  of  the  fault  they  may  be  seen  again  in  full 
force  in  the  lower  part  of  the  gorge  of  Howdale  Beck.  They  may 
be  easily  recognized  at  Hawsker  Bottoms,  on  the  cliff-side,  by  the 
numerous  holes  dug  into  them,  gradually  descending  from  the  top 
near  Castle  Chamber,  to  the  shore,  near  the  base  of  Sawdons  lload, 
which  latter  locality  is  the  most  favorable  one  for  their  study.  The 
upper  part  also  is  well  seen  at  Saltwick  Nab,  of  which  it  forms  the 
base,  and  where  good  specimens  of  its  characteristic  fossils  may  be 
easily  obtained.  It  continues  thence  right  across  Saltwick  Bay 
to  Black  Nab  on  the  other  side.  Between  Sandsend  and  Kettlc- 
ness there  is  a  very  good  exposure  of  its  beds ;  and  here  too  its  fossils 
may  be  collected,  especially  Aptyclius,  At  the  alum-works  at 
Kettlcness,  descending  to  the  high-water  mark  at  Hob  Hole,  they 
occur  halfway  up  the  cliff:  hence  they  skirt  the  south  side  of  Buns- 
wick  Bay,  constituting  a  well-marked  terrace  in  the  cliff.  On  the 
north  of  Runswick  they  lie  on  the  shore ;  and  here  some  of  their 
rarest  fossils  have  been  found.  From  this  point  onwards  to  Staithes, 
although  they  occur  in  the  cliffs,  and  fragments  are  numerous  on  the 
shore,  from  which  many  characteristic  fossils  may  be  obtained,  they 
do  not  present  any  particular  opi)ortunities  for  study. 

lliroughout  the  extensive  liassic  bay  to  the  south  and  west  of 
Staithes  exposures  of  this  rock  are,  with  one  exception,  by  the 
stream  in  Well  Dale,  below  Hinder  well,  confined  to  its  western 
boundary.  Jet- workings  have  been  carried  on  in  Park  Wood ;  but  on 
approaching  Boulby  House  a  terrace  begins  to  assume  prominence, 
which,  on  tracing  it  into  the  sea-cliffs,  is  found  to  be  made  by  the 
jet-rock,  which  thence  forms  a  well-marked  band  to  the  western 
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eztramiiy  of  LofOioase  Almn-works,  after  whidi  it  is  no  longer  seen 
At  the  BiirAu3e  ezoepting  in  inland  atationa. 

It  oonatitutea  an  outlier  at  Hob  Hill,  aeotions  of  which  may  be 
aftfantageoiialy  atudied  on  the  aonth  aide  overlooking  the  gorge  of 
the  EOcelton  bedk. 

It  ia  wen  expoaed  at  West  XTpaall,  and  at  Slape  Wath,  where  it 
18  ground  and  made  up  into  brioka. 

At  CSod  Hill,  Hntton,  where  let^nining  atUl  lingera,  we  come  to 
the  first  of  a  range  of  old  worldnga,  which  carry  the  line  of  thia 
rooky  feathering  in  and  out  among  the  depreaaiona  and  protube- 
rances oC  the  Bnrtace,  as  far  aa  the  aouth-west  front  of  Boaeberry. 
On  the  south  ride  of  the  Whin  Dyke,  by  Bank  House,  the  jet- 
woridngs  recommence ;  and  by  their  aid  and  the  very  marked  terrace 
tiie  rock  makes  on  the  slope  of  the  high  ground  of  Easby  Moor,  tiie 
range  of  the  aeriea  is  traceable  as  far  as  the  ironstone-mine  at 
Kildale. 

All  along  the  ateep  liasnc  escarpment,  commencing  at  Battersby 
drags  aa  for  as  8caiih-Nidk,  near  Swainby,  the  old  jet-workings, 
Tirible  from  a  great  distance,  permit  of  a  very  accurate  smrey  of 
this  series  of  rodka.  The  workings  also  extend  around  the  Oolitic 
outlier  of  Whorlton  Hill  The  Scarth-Nick  fault  throws  the  jet- 
rook  into  the  low  ground,  hence  un&vourably  ritaated  for  its  ex- 
ploitation ;  however,  an  opening  has  been  made  in  Scarth  Wood. 
In  ita  southerly  course  it  regains  somewhat  its  position  in  tiie 
scarped  front,  beneath  the  Oolitic  plateau,  and  has  been  worked  at 
Lady's  Chapel,  near  Osmotherley.  On  the  south  side  of  Ckid  Beck, 
at  this  place,  jet-rock  is  seen  beneath  the  old  alum-works;  and 
near  to  Over  SUton  it  is  seen  for  the  last  time  in  the  northern  area, 
excepting,  however,  its  exposure  on  the  north-western  slope  of  the 
oolitic  outlier  of  Borrowby. 

To  the  west  of  Low  Kilbum  diggings  have  been  made  for  jet,  and 
the  ddbris  are  still  scattered  on  the  surface ;  the  beds,  however, 
dipping  rapidly  to  the  east,  soon  cany  the  rock  to  an  inconvenient 
depth. 

At  the  Sessay  cutting  before  mentioned,  the  last  beds  visible 
going  upwards  are  the  jet-rocks,  bituminous  shales  of  which  occur 
with  A.  degans. 

In  the  southern  area  there  is  no  zone  so  wanting  of  indications 
as  this.  On  the  top  of  the  windmill-hill  near  Easingwold,  between 
the  road  and  Haverthwaites,  occur  hard  thin  shales  with  wood, 
which  seem  more  nearly  allied  to  jet-shales  than  to  any  others ;  and 
the  position  is  suitable.  The  same  may  be  said  of  Howe,  in  the 
same  locality,  By  the  side  of  the  river  iJcrwent,  at  the  falls  near 
Kirkham  station,  there  is  a  quantity  of  bituminous  shales  undoubt- 
edly belonging  to  this  zone ;  and  they  are  apparently  in  situ.  They 
are  not  known  to  occur  south  of  Market  Weighton. 

Inliers  of  Jet, — Thejet- workings  of  thedales  have  been  very  nume- 
rous ;  but  they  seldom  present  any  features  of  interest,  and  ser\'e 
chiefly  to  determine  the  probable  position  of  the  less-exposed  iron- 
stone below.     For  this  purpose  it  will  be  well  to  indicate  localities 
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of  these,  which  girdle  round  the  various  valleys.      They  are  as 
follows : — 

BaseddU, — The  jet-rocks  are  the  lowest  to  which  this  secluded 
valley  penetrates  ;  and  they  may  be  seen  in  the  stream  at  the  entrance 
to  the  narrow  gorge  running  south,  and  in  an  old  working  by  the 
stream-side  north  of  the  Abbey. 

Westerdale, — Above  the  Grange  ;  above  New  House  ;  on  the  hill 
south  of  Park  House ;  by  the  path-side  at  the  narrowest  part  of 
Esklets ;  very  numerous  exposures  round  Top  End :  up  the  eastern 
Head  near  Tucker  House  ;  between  Dale  Head  and  Hollins. 

Danhijdale, — No  workings  ;  only  to  be  seen  near  the  Head  on  the 
western  side. 

Fryup, — No  workings  ;  skirts  the  Round  Hill,  and  is  seen  at  the 
base  of  the  slips  along  the  eastern  side  near  the  Head  of  Great 
Fryup,  at  which  place  itself  the  whole  succession  may  be  seen. 

OlaizedaU, — In  its  proper  place  on  both  sides  of  the  West  Am- 
cliffe  shale  gorge ;  at  the  base  of  the  slips  at  the  Head. 

Eskdale, — ^In  cliffs  below  Delves  up  Butter  Becks  ;  above  the  iron- 
stone in  Murk  Esk,  near  Carr  House  ;  in  the  stream  for  some  dis- 
tance below  Little  Beck ;  in  Iburndale. 

Bilsdale, — The  jet-rock  in  this  dale  and  its  confluent  Kaisdale  has 
been  and  is  the  most  extensively  worked,  the  indications  of  which  are 
80  uninterrupted  that  it  Ls  superfluous  to  record  them. 

BransdiiU, — For  some  distance  along  the  stream  up  the  eastern 
Head ;  in  Heater  Plantation  ;  above  Low  South  House ;  by  Catharine 
House ;  in  the  stream  a  quarter  of  a  mile  below  it,  and  several  places 
on  the  east  side  of  the  valley  between  that  and  Barker  Plantation. 

Famdcde. — Above  Spring  House ;  several  pits  above  Spout  House, 
Frost  Hill,  and  EUer  House ;  near  Dick  Wood ;  up  Blakey  Gill ; 
over  High  Brag  House  ;  west  side  of  West  Gill ;  in  the  stream  by 
Hollin  Park,  and  northwards. 

RosedaU. — West  of  Red  House ;  near  Hill  Houses  ;  near  High  ^ 
House  ;  on  both  sides  of  North  Dale  near  Low  Crags ;  above  Thor- 
gill ;  on  Daleside  road,  below  Lane  Head. 

Jet  asd  Jet-workino. 

There  is  nothing  perhaps  with  which  Whitby  is  more  generally 
connected  than  with  jet ;  large  quantities  of  ornaments  are  yearly 
made  of  this  substance,  that  which  comes  from  Whitby  or,  rather, 
from  Yorkshire  being  considered  the  best.  There  are  great  differ- 
ences, however,  in  its  various  qualities  even  here,  as  it  varies  greatly 
in  hardness.  Some  samples  are  so  soft  that  they  will  not  admit 
of  being  carved,  in  which  case  they  are  of  no  use,  and  are  called 
bastard  jet ;  others  will  only  admit  of  an  inferior  polish,  while  the 
best  "  hard  "  jet  has  an  exceedingly  brilliant  lustre.  Tnese  varieties 
lie  in  different  beds,  the  best  being  found  from  halfway  down  to 
near  the  base  of  the  jet-bearing  strata.  The  getting  of  jet  has  been 
followed  from  very  early  times.  The  name,  according  to  Pliny,  is 
derived  £rom  a  river  and  town  in  Lycia,  called  Gagas ;  hence  the 
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term   "gagates,"    which  has  been  gradually   shortened  into  jet. 
Whether  or  not  this  was  the  same  substance  that  is  found  at  Whitby 
is  difficult  to  say ;  several  black  shining  substances  may  have  been 
confounded  under  the  same  name,  as  many  properties  are  ascribed 
to  it  which  are  not  known  to  belong  to  that  from  Whitby.     As, 
however,  no  other  jet  is  known  to  have  been  used  in  the  liritish  Isles, 
we  are  justified  in  concluding  that  all  that  is  found  in  barrows  &c.,  or 
alluded  to  by  authors,  is  from  Yorkshire.     It  is  certain  that  jet  was 
used  in  pre- Roman  times,  as  ornaments  made  of  it  are  found  in 
barrows  of  Celtic  age  (Woodyate's  Wilts,  Hoare,  Auct.  Wilts^  pi.  3, 
4).     It  was  also  largely  employed  by  the  Romans  themselves,  several 
very  beautiful  examples  having  been  found  in  stono  coffins  near 
York.     There  can  be  no  doubt  that,  in  connexion  with  Whitby 
Abbey,  many  crosses  or  rosaries  would  be  formed  of  it.     We  think 
we  can  point  to  one  place  at  least,  inland,  whence  these  early  sup- 
plies were  obtained,  namely — on  the  side  of  Roseberry  Topping  ;  but 
it  is  probable  that  the  greater  amount  would  bo  picked  up  on  the 
sea-phore,  where  in  former  days  it  would  be  plentiful,  being  washed 
out  of  the  cliff.     There  is  but  little  to  find  there  now,  it  having 
been  all  picked  up  ;  but  it  has  only  of  late  years  ceased  to  be  worth 
while  to  walk  along  the  shore  to  look  for  it.     The  use  of  it  ap- 
pears to  have  died  out  in  the  reign  of  Elizabeth,  probably  from  this 
source  failing;  but  in  1800,  when  more  would  have  accumulated, 
the  manufacture  was  recommenced.     The  present  workers,  however, 
are  not  dependent  on  this  supply,  but  mine  the  jet-rock  themselves, 
both  in  the  clitf  and  inland.     Jet-getting  is  very  precarious  and,  on 
the  cliff,  dangerous.     There  is  nothing  to  guide  the  miner  to  the 
locality  of  any  piece  of  jet  except  being  on  the  right  level ;  its  ex- 
ploitation is  therefore  of  a  highly  speculative  character,  and  the 
profits  of  a  successful  season  are  very  often  absorbed  in  a  fruitless 
search  at  another  time.     It  is  recorded  that  Mr.  Charles  Bryan  had 
the  good  fortune  to  bring  up  the  largest  seam  of  jot  ever  dis(!Overed, 
from  the  Xorth  l^ats,  near  Whitby,  about  the  year  1847,  which 
weighed  370  stone,  and  was  worth  a})out  £250. 

The  usual  mode  of  working  is  to  drive  headways  4  feet  wide  and 
5  feet  high,  and  intersecting  boards  at  reguhir  intervals.  The 
mineral  occurs  in  lenticular  masses  in  the  planes  of  bedding  of  the 
shale.  The  refuse  shale  from  the  clift-workiugs  is  thrown  out  on- 
to the  shore  ;  but  inland  it  forms  great  ln'aps  on  the  hill-side,  very 
disfiguring  to  the  country — so  much  so,  that  landowners  in  many 
instances  will  not  allow  any  jet-getting ;  even  otherwise  the  mining 
is  oidy  carried  on  above  the  limits  of  tilhige. 

The  manufacture  of  jet  ornaments  gives  employment  to  about 
1500  persons;  and  the  value  of  the  trade  in  1872  amounted  to 
je88,<.M)0. 

Jet  in  its  mineral  composition  is  very  similar  to  anthracite.  The 
beds  in  which  it  occurs  are  highly  charged  ^nth  bitumen,  the  fresh- 
broken  shale  snieUing  strongly  of  it.  In  seeking,  therefore,  for 
the  origin  of  jet  we  can  trace  it  immediately  to  this  substance  in  the 
shales ;  it«  presence  and  the  shaly  nature  of  the  rock  are  sufficient 
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to  account  for  it  It  is  the  result  of  the  segregation  of  the  bitumen 
in  the  intervals  of  the  shales,  which,  allowing  to  a  certain  extent 
the  access  of  air,  has  hardened  it  into  jet,  a  process  which  may  un- 
doubtedly be  now  going  on.  So  in  cases  where  it  is  confined  in 
a  nodule  it  still  remains  unhardened.  There  seems  to  be  no  reason 
whatever  for  connecting  it  with  wood,  beyond  its  having  a  remotely 
similar  composition. — though,  of  cou  -se,  we  have  thrown  no  light  on 
the  cause  of  the  presence  of  the  bitumen  itself.  Many  fossils  found 
in  the  jet-rock  (wood,  scales  of  Lepidotus,  &c.)  are  themselves  formed 
of  jet;  in  this  case,  however  it  may  be  elsewhere  unexampled,  wo 
must  consider  them  pseudomorphs  formed  by  the  substitution  of 
the  bitumen  for  the  decayed  matter  of  the  fossil,  the  fact  of  their 
consisting  of,  and  not  merely  being  covered  by  jet  being  certain. 
In  the  Kimmeridge  Clay  of  the  south  of  England  we  have  an  analo- 
gous phenomenon  in  the  bitummous  shales  of  that  formation.  In 
these,  too,  we  meet  with  wood  aluiost  in  the  state  of  jet ;  and  the 
chief  difference  appears  to  lie  in  the  less  complete  segregation  in 
this  case.  If  we  assume,  as  is  most  probable,  that  the  bitumen  is 
derived  from  the  decayed  vegetation  of  the  period,  it  would  appear 
that  those  circumstances  that  were  most  favourable  to  the  deposi- 
tion of  finely  laminated  shales  were  also  such  as  would  allow  the 
greatest  accumulation,  without  dispersion,  of  these  vegetable  debris. 


Paleontology. 

The  most  interesting  feature  of  the  palicontology  of  the  jet-rock 
is  the  occurrence  in  it  of  large  numbers  of  fishes  aud  reptiles.  The 
most  characteristic  of  these  is  Lepidotm  semiserratus,  which  is  very 
conunon  and  is  commonly  called  the  "  sc  .le-fish  "  from  its  ganoid 
scales.  All  the  fish  are  pecuEar,  and  belong  chiefly  to  the  genera 
PachycormvSj  Ptycholepis,  LeptoJepis,  and  Oyrosteas.  During  the 
workings,  too,  tor  the  jet  several  specimens  of  Plesiosaurus  and 
Ichthyosaurus  have  been  brought  to  light,  though  skeletons  of  these, 
as  well  as  of  Qyrostevs^  occur  also  in  the  Alum -shale.  The  Aptychi 
are  also  a  peculiar  feature  of  the  fossils  of  this  series.  They  are 
here  plentiful ;  but  in  no  other  member  of  the  Yorkshire  Lias  do  we 
know  them  to  occur.  Other  forms,  too,  of  CephaJopods  are  only 
developed  here,  namely  those  allied  to  the  present  Loliyo  or  the 
Sepia,  Of  these  there  are  four  species.  They  are  not,  perhaps,  a 
very  interesting  set  of  beds  for  the  working  palajontoogisi,  as  the 
fossils  which  are  the  most  characteristic  are  chiefly  such  as  are  not 
likely  to  be  met  with  in  an  ordinary  exploration  from  which  obser- 
yation,  however,  we  must  except  the  Be^emnites,  which  have  a  good 
specific  development,  and  are  moderately  common.  Although  the 
fossils  are  few,  they  are  almost  all  of  them  peculiar  to  this  zone, 
which  is  thus  very  well  marked  palaeontologically.  Inoceramus  du- 
bius^  the  only  conchifer  at  all  abundant,  has  been  found  very  rarely 
in  the  annidatus-shales  below ;  and  Ammonites  gracUiSy  if  ncti  dcii- 
tical  with  A,  community  is  very  nearly  allied  to  it ;  while  A,  hetero- 
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fkglbfiB  and  A.  AgamM  ue  nndoobtedly  ecmnion  to  fhia  lone  and 
tke  one  above  it.  ^  ooZmm  and  ^  eoriHioopui  abo  oooor  out  of 
the  lone^  aa  do  Bd&mmtu  hrmnfwwUf  B.  kwU,  and  B.  VattMiL 

Fomk  itf  Aa  Zom$  of  Ammonxtea  Berpentmua. 


BdMnnitM  Milxofiii. 

GTforteaimSnliilia. 
iBdbiDoditt  otbIu. 

triputitiu. 

gnusilu. 

--— latiraitrM. 

■erpentinoi. 

-GS^ 

—  oornooupiiL 

omtua. 

DiMoheliz  mmntat. 

Iiedknl^L 

Taneredift  dubu. 

GMtouthiteoriMiM. 

Pondonom  jft  BvooiiL 

ahadoiMiioiinUate. 
BelsmmfeM^otoiii. 

FMten  pamiliu. 

Plemnom^  bitamiiMMi. 

GeromTa  Qxanta. 

Voltrii. 

Protooardium  sabstriatolum  ? 

DisoiDa  reflexa. 

striolatus. 

'Extracrinus  briareuB. 

diohotomus. 

.        acuminatus. 

Pachjphjllum  peregrinum. 
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CHAPTER  X\^L 

ZOKE  OF  AMMONITES  COXmjNIS,  OB  ALUM-SHALE. 

tlxcEPT  at  Peak,  where  the  lias  is  most  complete  and  beds  belong- 
ing to  the  zone  of  Ammonites  jurensis  occur,  the  "  Alum-shale " 
constitutes  its  uppermost  portion,  and  is  overlain  immediately  by 
the  Inferior  Oolite.  It  consists  of  hard  blue  shale,  which  readily 
breaks  up  into  small  fragments  of  little  thickness,  and  when  dry  is 
remarkably  crisp  under  foot.  On  exposure  to  the  air  it  gradually 
becomes  incrusted  with  sulphur,  particularly  at  the  edges.  It  has 
also  a  smooth  unctuous  feel.  It  is  not  so  hard  as  the  jet-shales,  and 
splits  into  smaller  fragments ;  and  the  two  are  easily  distinguished 
by  their  appearance,  if  not  by  their  smeU.  The  shales  of  the  annu- 
latus'h&h  are  more  similar  to  it ;  but  they  are  more  sandy  in  ap- 
pearance, and  do  not  split  into  such  fine  layers.  It  is  by  no  means, 
however,  so  easy  to  distinguish  the  alum-shale  from  some  that  occur 
near  the  base  of  the  Inferior  Oolite ;  and  many  mistakes  have  been 
made  in  consequence.  Fossils,  when  present,  will  of  course  distin- 
guish them,  though  both  shales  are  rather  barren  of  these,  except  in 
particular  parta  ;  but  in  their  absence  it  is  sometimes  almost  impos- 
sible to  decide  which  we  have  before  us.  The  oolitic  shales  are,  as 
a  rule,  softer,  more  easily  split  along  the  layers,  and  more  sulphu- 
rous and  sandy. 

There  is  no  lack  of  exposures  of  this  zone,  worked  as  it  has  been 
so  long  a  time  for  the  manufacture  of  alum,  occurring  so  continu- 
ously along  the  sea-shore,  and  supporting  in  so  many  valleys  and 
escarpments  the  oolitic  rocks,  which  form  the  tops  of  their  precipi- 
tous sides.  The  fossils  of  this  zone  lie  generally  in  definite  lines, 
while  others  are  spread  through  definite  thicknesses ;  but  with  the 
exception  of  bands  of  dogger-stone,  which  are  not  very  numerous, 
it  consists  of  a  uniform  mass  of  these  shales,  and  yet,  in  spite  of 
its  many  exposures,  can  only  be  satisfactorily  examined  on  the  sea- 
shore. 

The  upper  portion  of  it  contains  lines  of  nodules  that  are  used  for 
the  manufacture  of  hydraulic  cement  (the  far-famed  Mulgrave 
cement),  although  with  the  alum-industry  itself  the  selling  of  them 
has  almost  ceased.  Below  this  is  the  main  supply  of  alum-shnle, 
said  to  be  coextensive  with  the  range  of  a  particular  fossil  (Leda 
ovum) ;  and  we  reckon  the  zone  to  descend  below  this  some  36  feet 
through  shales  which  are  unproductive  of  alum. 

In  the  neighbourhood  of  Whitby,  commencing  near  the  east  pier, 
we  get  the  following  section : — 
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No. 

Litbology. 

Tliic'k- 
ness. 

Fossils. 

1 
Oolitic  ironstone  at  the  base 
of  the  Inferior  Oolite. 

it.  in. 

1 

Liaa  shale 

6    6 

0  4 

1  8 

0  4 

1  10 
0    5 

2  10 
0    6 

35    0 
0    6 

16  8 
0    4 

18    0 
0    6 

17  0 

0    4 
10    0 

Ammonites     elegans^    Bclcm- 

nitfs  ftifrndiinvatus. 
Am.  bifronn,  PUsiosaurus, 

Am.  crassus. 
Am.  hifrtms. 

to  12  in. 

Am.  hifrtms  (at  the  top).  Am. 

communis  (in  the  centre). 
Linonla  langomciensis,  Eryon 

Aar/manni,  Monotismhstri- 

aius. 
Am.  eleffons. 

Am.  pnmordialis,  Monotis  sub- 
striatus. 

2. 
3 

Line  of  cement-nodules  with 

cone-in-cone  structure. 
Shale 

4. 
5. 
G. 
7. 
8. 
9. 

10. 

11. 
12. 

13. 
14. 
15. 

16. 

Line  of  cement-stones  

Blue  shale 

Cement-stones  

Blue  sliale                       

Cement -stone 

Blue  shale,  with  scattered  ir- 
regular doggers. 

Strong    well-marked    dogger 
(just  misses  the  top  of  &dt- 
wick  Nab). 

Blue  shale 

Indurated  bond  of  shale  

Shale 

DoMrer  band 

shaT.  ?....;.;...:;:.::::.:::: 

Distinct  lino  of  doggers  (runs 

round  Saltwick  Nab). 
Blue  shale 

Ba.se  of  »>ne  of  Am.  communis. 

Blue  slialo 

,   Jiinrrrnnnm  ffuhhi.'i 

This  gives  a  thickness  to  the  beds  of  this  zone  of  about  107  feet ; 
but  as  the  beds  eaiinot  all  be  measured  in  one  8j)ot,  and  only  from 
dogger  to  dogger,  and  the  interval  Ix^tween  these  is  found  to  vary 
as  we  i)ass  along,  the  total  measurement  can  be  only  considered  ap- 
proximate :  it  is  i)robabIy  rather  more  than  this.  'J'hc  iirst  eiglit 
beds  are  occupied  by  the  cement-stones,  descending  through  a  thick- 
ness of  l.')  feet :  but  these  are  the  most  varying  of  all.  Tlien  comes 
that  iK)rtion  which  is  the  chief  source  of  alum,  down  to  the  bottom  of 
bed  11,  including  altogether  a  depth  of  07  I'eet.  The  beds  below 
this  are  said  not  to  be  so  productive ;  and  the  Le^la  ovum  does  not 
occur  in  them.  One  feature  of  these  shales  is  worth  mentioning — 
namely,  the  occurrence  of  the  Ammonites  in  different  states  of  pre- 
8e^^'ation  ac(.ording  as  they  lie  in  particular  lines.  Tliey  are  scat- 
tered all  through  the  beds;  but  when  they  come  from  these  lines, 
and  then  only,  is  there  any  chance  of  their  making  good  sections. 
These  lines  are  known  to  the  collectors,  and  are  called  by  various 
names,  "  Ammonit(%"  ♦*  double  back,-'  "  green  back,''  according  to 
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the  various  species  they  contain.  It  is  to  these,  no  doubt,  that 
Drayton  alludes  when  he  writes  of  Whitby : — 

"  And  stones  like  serpents  there,  yet  may  yee  more  behold 
That,  in  their  natural!  gyres,  are  up  together  rold." 

And  they  were  doubtless  far  more  numerous  in  his  time  than  now, 
after  so  many  thousands  have  been  carried  away  by  collectors.  It 
seems  probable  that  the  same  cause  which  has  acted  to  prevent  all 
being  equally  well  preserved,  may  have  completely  prevent-ed  the 
preservation  of  some  more  delicate  forms ;  and  the  fauna  may  have 
been  richer  than  it  now  appears — unless  we  are  to  suppose  from  the 
well-preserved  Ammonites  being  all  in  one  identical  line  of  deposit, 
that  they  were  overwhelmed  while  in  full  vigour,  and  thus  that 
their  state  at  the  time  of  their  interment  has  caused  their  preser- 
vation. 

Exposures  of  the  ALUM-snALE. 

1.   On  tJie  Escarpment, 

The  alum-shale  is  first  seen  on  the  shore  between  Blea  Wyke 
and  the  Peak :  and  its  base  is  about  20  feet  up  the  cliff,  on  the  south 
side  of  the  fault.  Alter  passing  the  fault  it  is  exposed  in  the  old 
alum-works  of  Peak  and  iJrow,  and  forms  either  side  of  the  gorge 
of  Howdale,  spreading  here  over  the  whole  side  of  the  hill.  It  is 
seen  again  low  down  in  a  tributary  of  Mill  Beck,  near  Pretty  House. 
When  it  has  once  more  risen  in  the  hill  over  Thorpe,  it  again  forms  a 
well-marked  feature  by  the  road-side  above  Park-gate ;  after  this 
it  is  seen  no  more  in  Robin  Hood's  Bay,  being  covered  with  oolitic 
debris.  On  rounding  the  north  comer  of  the  bay,  the  hill-side  be- 
neath Bay  Ness  is  strewed  with  its  fragments  brought  out  by  rabbits 
from  their  holes.  North  of  this  we  must  look  for  it  on  the  cliff-side ; 
and  but  for  the  roughness  of  the  way  it  might  be  followed  all  along 
from  Hawskcr  Bottoms  (Sawdon*s  Koad)  to  Whitby.  Beyond  the 
Whitby  fault  it  does  not  appear  again  till  we  see  it  occasionally 
uncovered  by  the  overlapping  Boulder-clay  near  E;ist  How,  Sandscnd. 
On  tracing  up  the  parallel  becks,  however,  we  find  the  whole  sides 
of  these  gorges  covered  with  these  beds.  This,  in  fact,  is  a  very 
common  feature  of  narrow  deep  gorges,  where  the  capping  of  Oolite 
is  but  thin.  The  water  having  once  made  its  way  through  this, 
the  shale  below  affords  but  little  resistance,  and  the  gorge  is  (juickly 
made  deeper,  leaving  precipitous  shaly  sides,  with  often  a  waterfall 
above  and  a  slow-running  stream  below,  the  water  wearing  its  bed 
away  until  the  slightness  of  its  incline  leaves  it  no  excavating 
power.  We  might  have  made  these  observations  with  respect  to 
Howdale  Beck,  as  they  are  applicable  to  so  many  instances.  We 
will  call  such  a  feature  a  "  shale-gorge."  From  Sandscnd,  the 
alum-shale  may  be  followed  all  along  the  cliff  to  Kcttleness,  when 
the  tide  allows.  Here  it  is  near  the  top  of  the  cliff,  where  it  was 
formerly  worked.  It  is  also  shown  on  the  other  side  of  the  bay,  in 
the  cliff-sides,  but  faulted  to  different  levels.     It  forms  the  shale- 
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gorge  of  the  Bonsby  and  Easington  Becks,  west  of  which  it  occupies 
the  high  ground  by  the  sea-side,  having  been  here  worked  in  the 
Boulby  and  Lofbhousc  alum-works. 

The  opportunities  for  study  of  the  alum-shale  in  the  north- west- 
em  part  of  Cleveland  are  few  and  far  between.  After  leaving  the 
coast,  the  first  to  be  enconntered  is  the  site  of  the  old  alum-works 
of  Skclton,  in  the  valley  through  which  Saltbum  Beck  has  its  course. 
It  is  well  seen  ca  the  front  of  Eaton  Nab,  again  at  Slape  Wath,  and 
Spa- Wood  old  alum- works,  at  Cass-Bock  Quarry,  near  Guisborough. 
Then  there  are  many  exposures  between  Hutton  and  Boseberry,  a 
few  limited  sections  in  Sleddale  and  Lonsdale,  but  a  more  exten- 
sive one  at  the  old  alum- works,  little-Ay  ton  Moor.  Along  the  hill- 
range  from  Kildale  to  Osmotherley  bared  surfaces  showing  alum- 
shale  are  frequent ;  but  the  most  complete  section  in  this  district  is 
that  of  the  old  alum-shale  quarry  of  Carlton  Bank,  which  has  yielded 
several  of  the  common  species  of  this  horizon.  The  southern  limit 
of  the  alum-shale  industry  appears  to  have  been  at  Osmotherley, 
where  in  the  old  quarry  by  Cod  Beck  the  reduced  thickness  of  thti 
shale  may  be  well  proved.  It  intervenes  between  the  jet-rock  and 
oolitic  ironstone  on  the  Borrowby  outlier. 

South  of  Over  Silton  very  few  exposures  are  known,  the  Oolites 
having  now  sunk  nearly  to  the  general  level  of  the  country ;  the 
escar])ment  is  a  lower  one,  and  is  not  supported  by  visible  beds  of 
alum-shale.  It  is  only  seen  in  the  junction  before  mentioned,  near 
Feliskirk.  It  has  been  stated  by  Marley  to  occur  in  Storth  Wood, 
near  Weston  Hall ;  but  on  examination  it  is  dear  that  the  shales 
there  seen  are  oolitic  ;  they  do  not  contain  liassic  fossils,  they  can 
be  lithologically  distinguished,  and  they  have  beds  of  sandstone 
below  them.  We  know  of  the  presence  of  alum-shale,  and  of  its 
attenuation,  at  Mount  St.  John  by  the  published  section  of  the 
boring  m(ido  there,  the  whole  Upper  Lias  being  110  feet,  and  there- 
fore the  alum-shiile  not  much  more  than  50 ;  hut  it  is  not  exposed 
on  the  surface.  Overlying  the  jet-rock  at  Kilburn  these  shales 
appear  with  A,  hifrous ;  and  the  zone  is  exposed  again  in  the  railway- 
cutting  of  the  Malton  and  Thirsk  line,  at  its  crossing  of  the  Thirsk- 
and-Easingwold  Road  ;  and  near  this  the  oolitic  top  of  the  hill  above 
Husthwaite,  sloping  towards  Coxwold,  is  supported  by  these  shales, 
making  broken  ground  on  the  hill-side,  appearing  in  the  road- side 
sections  leading  down  to  the  middle  of  the  village,  and  met  with  to 
the  dei)th  of  40  feet  in  a  w(dl-sinking  on  the  top  of  the  hill.  This 
is  the  last  that  is  definitely  seen  of  this  zone  for  many  miles,  in  fact 
nearly  the  end  of  its  consecutive  range  ;  all  the  liassic  exposures  in 
the  boulder-covered  country  running  to  the  cast  are  of  lower  zones. 
When  we  arrive  at  the  Denvent  valley,  in  the  neighbourhood  of 
Kirkham,  the  alum-shales  arc  exposed  in  the  wood  at  the  side  of 
the  road  leading  up  the  hill ;  and  their  position  in  this  locality  may 
be  well  understood  by  the  section  of  the  boring  made  at  Mount 
I'leasant,  given  by  Dr.  Wright*,  where  thi^y  were  met  with  after 
passing  through  N^  feet  of  oolite  rock  and  shales. 

»  Quart.  Jouru.  Oeol.  See.  vol.  xvi.  1800,  p.  33. 
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The  Rectioii,  of  which  the  following  is  a  copy,  is  very  interesting  aa 
compared  with  those  of  Eskdale  and  Frjup : — 

ft.  in. 

Inferior  Ooolito  bods 34  2 

'  1.  Bedsandgtone 9  0 

2.  Freestone  dogger    2  0 

3.  Hard  black  shale    13  0 

4.  Clay  Ironstone    3  4 

6.  Dry  blue  shale    8  0 

6.  Fossiliferous  Ironstone  (fossils  like 
those  of  Olaizedale)  5    0 

7.  Hard  callous  shale 2    8 

8.  Ironstone 1     0 

.    9.  Yellow  dry  shale 4    C 

^  10.  Blue  dry  shale    4    0 

11.  Black  dn- shale  0  6 

12.  Blue  dry  shale 6  0 

13.  Black  hard  shale     0  6 

Upper  Lias •{  14.  Alum-shale 2  6 

15.  Hard  dry  shale  6  0 

16.  Dry  sandy  shale 2  0 

17.  Black  clay   3  0 

,  18.  Light-coloured  clay    2  6 

The  succession  of  1 ,  2,  3  may  be  foUowed  on  the  hill-side  above 
the  railway  (not  mistaking  No.  3  for  Lias),  No.  6  to  No.  9  in  the 
railway-cutting  beyond  Castle-Howard  station,  and  the  various 
succeeding  shales  on  the  south  of  the  road  leading  up  from  Kirkham 
towards  Whitwell.  Nos.  10-13  are  called  by  Dr.  Wright  "Base- 
ment or  striatulus-hedy'^  but  without  fossil  evidence.  But  we  see 
that  here,  as  in  the  north,  the  change  into  alum-shale  below  the 
ironstone  is  gradual,  and  the  line  of  junction  must  be  drawn  in  the 
midst  of  shales. 

The  zone  is  seen  no  more  till  we  reach  nearly  the  extreme  end  of 
the  southern  area  and  the  whole  Liassio  strike  has  changed.  Here, 
to  the  south  of  Market  Weighton,  it  is  again  well  developed,  and 
emerges  from  beneath  the  Chalk  just  south  of  the  Beverley  road  ; 
it  is  proved  by  pond-diggings  at  various  places  beneath  the  Oolite. 
In  its  southern  course,  and  between  Sancton  and  Haughton  Hall, 
immense  numbers  of  Am.  communis  and  A,  hifro^is  have  been  taken 
out  of  it,  with  which  the  roads  have  been  mended. 

2.  Inliers  of  Alum -shah. 
With  respect  to  these,  when  we  have  described  one  valley 
we  have  described  all.  In  every  one  this  zone  skirts  the  sides 
beneath  the  Oolite,  and  is  constantly  exposed:  the  only  caution 
necessary  is  that  we  do  not  confound  it  with  oolitic  shales  above ; 
and  this  is  the  more  difficult  as  neither  are  very  fossiliferous. 
The  oolitic  shales,  however,  are  not  of  great  thickness,  and 
nodules  with  characteristic  fossils  underlie  them,  so  that  some  20  or 
30  feet  of  shale  is  pretty  conclusive  of  its  being  alum -shale.  An 
exception  to  this,  however,  must  be  made  for  Rosedalo,  at  the  mag- 
netic-iron mines.  These  occur  in  large  boat-shaped  masses  in  shales, 
said  to  reach  even  100  feet,  which  might  well  be  mistaken  for  alum- 
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shale ;  they  are,  however,  destitate  of  fossils^  and  true  alnm-shale 
with  fossils  occurs  below ;  aud  thus  the  shales  as  well  as  the  contained 
ironstone  are  exceptional. 

The  following  are  the  chief  exposures  of  interest  in  the  dales : — 

Basedale, — The  Oolite  has  mostly  slipped  over  and  covered  it 
here ;  but  sections  are  seen  to  the  cast  at  Hograh  Field  and  all  along 
the  river-gorge  to  the  south. 

WeBttrddlt. — ^Below  Birk-field  quarry  (faulted);  Spring  Dike; 
Stock-Dale  Head  (south  side) ;  thence  all  round  Esklets ;  Waites 
House  ;  Top  End ;  Otter  Hill. 

Dmihydale, — Over  Boggle  House ;  below  Danby  Low  Moor ;  near 
EUer  Wood;  beneath  High  and  Low  Crags;  Danby  Head;  near 
Lnmley  House. 

Fn/up, — East  of  Danby  Castle ;  Danby  Lawns  ;  Stanch  Bullen  ; 
Jackdaw  Crags ;  all  round  Fryup  Head ;  in  a  shale-gorge,  eastern 
end  of  Crankley  Gill.  It  will  be  noticed  in  these  three  dales  that 
the  alum-shale  is  clearer  of  the  oolitic  debris  on  the  western  than 
on  the  eastern  side ;  this  is  no  doubt  due  to  the  dip  of  the  strata. 

OJaiztddle. — In  the  river  beside  the  iron-works  ;  in  Limber  Hill 
Bank  ;  in  shalo-gorgcs  in  West  and  East  Amcliffe  Woods ;  in  Hand- 
bill Gill :  at  Glaizedalo  Head. 

EskdaU. — The  alum-shale  continues  from  the  last  valley  through 
the  gorge  at  Amcliffe,  post  Egton  Bridge,  and  may  be  seen  in 
limber-Hill  Wood  ;  up  Butter  Bock  ;  crossed  by  the  Whinstone  Dyke 
in  Duckscar  Quarry ;  at  Scalby  Hill ;  in  Blue  Beck ;  top  of  Brow 
Wood ;  below  Lease-Bigg  Quarry  ;  along  the  gorge  of  the  Murk  Esk 
as  far  as  the  base  of  Keld  Scar,  two  and  a  quarter  miles  from  Gros- 
mont ;  along  the  south  of  Eskdaleside  at  Grosmont,  by  the  old  and 
new  alum-works,  to  Blue  Bank,  Sleights  ;  in  a  gorge  below  Aislaby. 

Ihunulah, — At  Goathland-Banks  alum-works ;  up  Wash  Beck  ; 
at  Little- Beck  alum- works ;  oil  along  the  gorge  beneath  Newton 
House,  and  beneatli  the  beautiful  waterfall  of  Falling  Force. 

Bihdal^. — The  chief  exposures  of  the  alum-shale  are  along  the 
courses  of  the  moor-bums,  and  are  mainly  limited  to  its  upper  por- 
tion, such  as  at  West  Park,  Tripsdale  Beck,  and  Hole  Beck,  on  the 
eastern  side  of  the  dale ;  Fangdale  Beck,  and  along  the  steep  escarp- 
ment into  llaisdale.  On  the  north-western  side  the  exposures  are 
limited  to  the  neighbourhood  of  Northwood  and  Broadfields. 

Alum-sliale  is  exposed  in  the  south  bank  of  Kaisdale  Beck,  be- 
tween the  Mill  and  Staindale,  and  is  seen  at  the  surface  on  the 
north-west  side  of  Wath  Hill,  and  along  the  steep  escarpment 
bounding  the  dale  on  its  south  side. 

Bransdide. — Along  both  the  eastern  and  western  Heads  ;  in  the 
midst  of  High  Plantation ;  over  Bransdalc  Castle  and  Cowl  House  ; 
and  Elm  House ;  on  the  road  to  Farndalo ;  round  Barker  Planta- 
tion, and  in  a  deep  narrow  gorge  through  which  the  water  escapes 
at  the  south,  and  in  a  branch  of  the  same. 

Farndale. — All  round  the  western  Head  ;  under  (rill  Wath  ;  east 
side  of  Old-lieck  Head;  continuously  along  the  west  side  from 
Spring  House  to  Monket-House  Crngs  ;  west  side  of  Potters  Nab  : 
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on  the  road  to  Little  Blakey ;  above  High-Brag  House ;  continu- 
ously round  Horn  Nab ;  up  West-Gill  gorge ;  above  Scarth  Nick ; 
above  Cross ;  below  Taylor  Nab  ;  in  the  stream  at  the  south. 

Eosedale. — All  round  the  western  Head ;  above  HoUin  Bush  ;  in 
two  gorges  on  the  opposite  side ;  above  High  House  and  Craven- 
Garth  House ;  below  Boll  Common ;  up  the  gorges  of  the  eastern 
Head ;  at  Low  Crags ;  at  the  Otter  Hills  ;  over  Hob  Farm  and  Red 
House ;  round  Abbey  Head  ;  up  the  road  to  Heygate  ;  on  the  road 
up  to  the  magnetic-ironstone  mines  ;  on  the  highroad  between  Pry 
Hills  and  Mill  Farm ;  in  the  stream-side  near,  and  also  beyond 
Spires  House. 

There  is  no  Lias  in  Hartoft  Dale,  or  Bonfield  Gill,  as  marked  by 
Bewick,  the  shales  intcrstratified  with  the  sandstones  of  the  Oolite 
having  evidently  been  mistaken  for  Upper  Lias. 

Axr  M- MAN  UFACTURE. 

The  interest  of  the  alum -manufacture  as  connected  with  "Whitby 
has  nearly  passed  away.  Wherever  we  go  we  find  abandoned 
works,  some  of  great  magnitude,  as  the  Peak,  Brow,  Kettlcness, 
Boulby,  Lofthouse,  and  Ibumdale  alum-works.  The  last  remain- 
ing sign  of  this  once  important  industry  is  at  Sandscnd ;  and  there 
they  are  only  working-off  old  stores,  and  have  run  the  new  rail- 
way through  the  calcining-ground.  The  reason  is  that  the  mo- 
nopoly no  longer  exists.  Formerly  the  shale  of  Whitby  was  the 
only  natural  source  of  alum ;  and  therefore,  though  it  laboured 
under  the  disadvantages  of  inaccessibility  and  distance  of  fuel,  the 
trade  flourished ;  but  a  new  process  invented  about  25  years  ago  by 
Mr.  Spence,  of  Manchester,  resulted  in  the  extraction  of  a  better  per- 
centage from  coal-shale ;  and,  further,  by  utilizing  in  the  process 
the  ammoniacal  liquor  of  the  gas-works,  alum  could  be  manufactured 
cheaper  on  the  spot  where  it  was  wanted  than  at  Whitby ;  and  thus 
the  Yorkshire  product  was  driven  out  of  the  field.  It  may  be  inter- 
esting, however,  to  give  a  passing  account  of  the  history  and  nature 
of  the  alum-making  as  connected  with  Whitby,  but  not  so  fully  as  if 
the  manufacture  were  still  carried  on. 

There  are  various  kinds  of  alum  known  to  the  chemist ;  but  the 
only  two  of  any  commercial  importance  are  the  potash-alum  and 
the  ammonia-alum.  They  consist  essentially  of  an  aluminium  sul- 
phate united  with  an  alkaline  sulphate  either  of  potash  or  ammonia 
with  water  in  combination. 

The  aluminium  sulphate  is  obtained  from  the  rock  in  a  state  not 
fit  for  use,  and  has  to  be  mixed  with  the  alkaline  sulphate.  The 
kind  that  was  formerly  made  at  Whitby  was  always  potash-alum, 
this  alkali  being  added  in  the  form  either  of  potassium  sulphate  or 
potassium  chloride.  The  shale  had  first  to  be  calcined.  This  was 
done  by  spreading  brushwood  over  a  large  area,  and  c»iveringit  with 
about  4  feet  of  shale,  when  the  wood  was  set  fire  to ;  and  as  the 
majBS  became  heated  more  shale  was  added  till  it  had  reached  a 
considerable  height ;  care  was  required  that  the  temperature  should 
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not  viae  too  hig}!,  lest  the  nib^iir  ehonld  eeeipe.  lUs  pari,  ilien- 
lbM,of  tiieprooeBooooiipiednomoiietotwoyeoaES.  The  caliniiing- 
jiMiommBf  be  aeen  m  aoj  of  the  old  •lam-woiki. 

.Hie  next  iMurt  of  the  prooees  was  to  wash  the  hamt  ahale  to 
oibtam  the  aoInUe  matter,  oooaiating  chiefly  of  the  etaminimn  anl- 
phafte.  Thii  waa  done  in  kige  ciaterna,  aereral  of  whioh  followed 
one  another  on  deaoending  lerela.  In  the  hifl^ieat  waa  placed  tihe 
eahuied  ahale,  where  it  waa 'washed,  the  liqnota  paasing  into  the 
other  eiatema,  and  finally  to  the  boiling-honse,  whDe  the  shale  waa 
aflenraids  thrown  on  one  side  m  heaps,  immense  remaina  of  which 
an  aeen  in  all  tiieae  old  works.  The  liquor  waa  thai  eraporated 
in  the  boiling-honse,  the  potash-aalt  added,  which  precipitated  the 
alnm  in  the  form  of  floor;  and  it  waa  afterwards  dissolved  in  bdling 
water,  and  ponred  into  ^roaching"  oasks  to  crystallise.  Such  is 
ft  brief  oatline  of  the  prooees  as  fiir  as  it  illustrates  the  use  of  the 
worin  we  see  remaining.  The  new  process,  which  has  snpeneded 
it,  is  somewhat  ainiilar,  only  that  to  the  calcined  shale  snlphnric 
add  haa  to  be  added  in  ezoeos.  This  is  eesily  obtained  from  the 
pyiitea  whidi  ia  common  in  the  carboniferous  aeries ;  and  instead 
of  ft  potash-salt  ammoniacal  liquor  from  the  gaa-worko  is  used,  the 
vapour  from  which  unites  with  the  ezeess  of  sulphuric  acid,  forming 
ammonium  sulphate,  which  again  unitea  with  the  aluminium  sul- 
phate, and  forms  alum.  Since,  then,  it  appears  that  the  aluminium 
anlphate  can  be  obtained  with  equal  eaae  ttook  other  shales  as  from 
those  of  IKhitby,  and  the  other  ingredients  are  more  easily  procured 
elaewhere,  there  is  very  little  ohanoe  of  the  alum-manufa^ure  re- 
turning to  Whitby,  unless  the  product  ii  for  use  on  the  spot 

An  anslysis  of  the  alum-shale  of  Whitby,  given  by  Messrs. 
Bichardson  and  Eonalds  (see  Ure's  Diet  of  Arts),  gives : — 

Top.  Bottom. 

Iron  sulphide  4-20  8*50 

Silica 52-25  5116 

Iron  protoxide 8.49  611 

Alumina   18-76  18-30 

Lime     125  215 

Magnesia -91  -90 

Sulphuric  acid 1-37  250 

Potarfi  013  tr. 

Soda  0-20  tr. 

Coal  4-97  8-29 

Water   288  200 

95-40  99-91 

Palaontoloot. 

The  chief  interest  which  attaches  to  the  organic  renSains  of  this 
zone  is  connected  with  the  Rcptilia.  It  is  even  more  rich  than  the 
jet-rock  in  these  relics,  most  of  the  larger  specimens  coming  from 
this  horizon,  and  this  beiug  the  home  of  the  TeUosaurus  Chapmanni, 
In  the  south  of  England  the  reptiles  are  found  at  the  base  of  the 
lias,  and  we  have  no  reason,  when  wc  remember  the  uniform^ 
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though  scarce,  occurrence  of  their  remains  in  our  lower  zones  to 
beliere  them  absent  from  our  seas  at  the  period  of  their  deposi- 
tion ;  but  it  was  during  the  more  recent  portion  of  the  liassio 
period  that  the  conditions  of  their  life  and  preservation  became 
favourable  here  as  in  the  Bminster  district.  They  are  abundant 
both  in  species  and  numbers,  and  were  the  giants  of  the  race.  The 
profusion  too  of  Cephalopoda  here  reaches  its  height ;  Belemnites 
and  Ammonites  may  be  procured  by  the  hundred,  though  the  dis- 
tinct forms  are  not  numerous,  the  various  so-called  species  being 
very  closely  allied.  The  fossils  peculiar  to  the  zone  arc  the  Eep« 
tiles,  the  Nautili,  Bthmnites  levidensis  and  pollear^  all  the  Ammo- 
nites except  A,  heta-ophyllus,  A.  Levisoni,  and  A,  elegans,  and  all  the 
other  fossils  except  Trigonia  liUrata,  Ostreu  suhauricuf^xris,  and 
Qresslya  donacifomiis  (which  pass  into  the  jurensis-heds),  Pecten 
pumilus  and  Monotis  inaquivalvis  (which  come  up  from  below  and 
pass  on),  and  Monotis  mbstriatus  and  DUcina  reJUxa  (which  are  con- 
tinued into  the  Inferior  Oolite). 

List  of  Fossils  of  the  Alum  Shale. 

Teleosaams  ChapmaDnL  Ammonites  subarmatus. 

IchthyoBaurus  crasaimanus.  Ijlhensis. 

acutiroetris.  elcgaiis. 

longirostria.  fibulatus. 

Plerioaaurus  homaloapondylus.  fontioulua. 

Cramptoni.  primordialis. 

Zetland!.  Cerithium  quadrilineatum. 

OyiDsteus  mirabilia.  Leda  ovum. 

Nautilus  astacoides.  Trigonia  literata. 

jurensis.  Grwjslya  donaciformii. 

Belemnites  Tulgaris.  rotundata. 

lisvis.  Arcomya  elegans. 

leridensis.  Monotis  substriata. 

Voltzii.  imequivalvis. 

Ammonites  communis.  Pecten  pumilus. 

Holandrei.      •  Hinnitca  papyraoeus. 

— — —  crassus.  Ostrca  subauricularis. 

Braunianus.  Thraciff  glabra. 

beterophjllus.  Inooeramus  cinctus. 

— ■:—  subcarmatus.  Discina  rcflexa. 

Desplacei.  Lingula  longoyicienns. 

bifrons.  Eiyon  Hartmanni. 

Lerisoni. 
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CHAPTEK  XVni. 

ZONE  OF  AmCOIOTBS  JVBBKSIS. 

If  treating  of  tho  junction  between  the  Upper  Lias  and  Inferior 
Oolite,  wo  have  already  stated  that  we  consider  that  the  only  locality 
where  beds  of  this  age  may  be  seen  is  at  the  Peak,  and  that  we 
exclude  from  it  all  the  beds  known  as  tho  Blea-Wyke  beds.  Very 
possibly  some  of  the  uppermost  portions  of  the  shales  in  other 
localities  ought  to  be  included  in  this  zone,  as  Dr.  Wright  has  done 
with  regard  to  the  Mount-Pleasant  boring ;  but  until  fossil-evidence 
is  forthcoming  we  cannot  see  any  advantage  in  it.  As  thus  re- 
stricted, the  zone  of  A,  jurensis  consists  only  of  four  beds  of  sandy 
micaceous  shale,  each  about  20  feet  thick,  separated  by  irregular 
nodular  bands,  which  are  the  usual  repositories  of  the  fossils.  They 
may  be  reached  beneath  the  cliff  at  Peak ;  but  on  the  shore  they  are 
completely  covered  by  debris  from  tlie  Oolite  covering.  This  very 
restricted  range  gives  little  opportunity  for  studying  them  ;  but  they 
have  been  found  to  contain  the  following  suite  of  fossils.  Of  these 
we  have  seen  that  some  undoubtedly  pass  up  into  the  Oolites,  as 
Discina  reJUxa  and  Monotis  suhstriatus,  Perten  disciformis,  Venus 
teyiuis,  iJentaJium  eloiKjatum,  Gressbia  abdiuta,  and  i)ossibIy  (Jlde 
Youn«^  and  Bird)  Ajmnonltts  striatidus  ;  but  the  first  two  occur  in 
the  alum-shale,  and  the  rest  are  either  peculiar  or  Upper-Lias 
forms  ;  so  that  we  arc  justiiied  in  including  these  beds  in  that  divi- 
sion. They  have,  however,  essentially  the  character  that  is  usually 
assigned  to  ^'pjissage-beds ;"  that  is,  the  peculiar  forms  are  in 
a  minority,  consisting  chiefly  of  the  Ammonites,  which,  on  the  other 
hand,  are  not  so  restricted  in  other  locidities.  The  remainder  of  the 
fauna  is  chiefly  composed  of  the  last  remnants  of  Liassic  life  mixed 
with  the  first  dawning  of  Oolitic. 

List  of  Fossils  of  the  Zone  of  A.  jurcnsit?. 


Ichthyosaurus,  sp. 

Annuonites  coiuensis. 

Ammonites  striatulus. 

Beleninites  athlctii-us. 

jurensis. 

Dentaliuni  eh»ngatum. 

variabilis. 

Aeta'onina  puUa. 

^—  comptictilis. 

CeritJiium  armatum. 

serrideiiB. 

Venus  tenuis. 

Germaiiii. 

Grosslya  donaeiformis. 

insignia. 

Proiocardiuni  subbtriatulura. 

fabulis. 

Leda  arquilatera. 
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Trigonia  litenta.  Monotis  substriata. 

Pecten  disoiformii.  Ostrca  subauricularia. 

pumiluB.  Disoina  reflexa. 

Lima  toaroensis.  Waldheimia  Lycetti. 

MoDotit  incequivalyit.  Bhynohonella  jurensifl. 
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CHAJPTEB  XIX. 


SZElTI0]LLPlLUUXi  rBXKGMMKk* 


TkUImM  of  Strata. — Yarioiu  estimates  have  been  giTm  of  the 
tiddmees  of  the  liassio  rooks  in  North  Yorltshue;  but  as  they 
matuially  iiSer  from  one  another,  even  where  the  same  seetion  has 
been  measured  by  two  obserreis,  it  is  ineombent  upon  us  to  submit 
our  independrat  oaloulations,  without  endeaTouring  to  reoonoile  the 
diserapoaoifls  lUuded  to.  Still  it  may  be  said,  in  explanation  of 
the  rery  great  diflturence  between  our  estimate  and  that  of  Phillips, 
i^idh  mSkm  the  nearest  approach,  that  we  have  had  flillar  data  at 
oar  oommand  for  such  oomput^tion. 

Toovo  snd  Bzmn*  measured  the  strata  in  the  lof^  olifb  at  Boulby, 
the  laassio  portions  of  which  are  given  as  follows: — 


ft  ft. 

Mafaibedofsliun-mk 300 

Lbneitono  DodiiiM  with  tlmn-ihslM  ...    10 

Bbid  Uum-dislD'  80^ 

Ironstone  mtim 15 

Shale  with  ironstone  nodnlM   ••    40 

Suidrtone  and  limestones 60 

Alum-shale    (not   including  slope   of 
beach  100. 


Upper  liM  ...  210 . 

Middle  Lias...  245 
Total    455 


The  lowest  bed  is  estimated  at  130  feet  in  Huntcliff ;  and  to  the 
above  total  they  would  add  50  fathoms  of  aluminous  strata,  ascer- 
tained by  boring  at  Coatham,  and  which  are  rightly  considered  by 
them  to  belong  to  a  lower  portion  of  the  lias  than  the  foot  of 
HuntcMt. 

These  additions  give  a  total  of  785  feet,*from  which,  however,  we 
would  deduct  30  feet  as  belonging  to  the  Inferior  Oolite,  leaving  755 
feet  of  Liassic  strata. 

HuvTOirj:  made  the  lias  of  the  same  section  to  be  80  feet  thicker, 
or  510  feet  in  all,  with  which  we  agree,  distributed  as  follows : — 
Upper  Shale  200  feet,  Marlstone  160  feet,  and  Lower  Shale  150  feet ; 
total  510  feet. 

Phillips§  measured  the  five  sections  exposed  on  the  coast  between 
Whitby  and  Peak,  which  carry  us  down  to  a  considerably  lower 

*  Surrey  of  the  Yorkshire  Coast,  p.  134, 1828. 
t  Zo(?.(?&.p.  147. 

t  Trans.  Geol.  Soc.  vol.  y.  part  1,  2nd  series,  p.  215. 
Geology  of  the  Yorkshire  Coast,  p.  5, 1829. 
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horizon  than  the  base  of  Boulby  Cliffi).  According  to  him  the 
thickness  is  as  follows : — ^Alum-shale  200  feet,  raarlstone  150  feet. 
Lower-lias  shale  500  feet ;  total  850  feet. 

Williamson*  estimates  the  alum-shale  at  180  feet,  the  marlstono 
(between  Staithes  and  Saltbum)  at  130  feet,  and  the  Lower  Lias 
(at  Peak  Hill)  at  300  feet,  making  a  total  of  610  feet,  or  240  feet 
less  than  Phillips's  measure. 

SncpsoNf  has  given  the  following  estimate  of  the  same  sec* 
tions : — 

ft.    in. 

Upper  Lias— Alam-shale  (south  of  Whitby) 1 88    0 

liuddle  Lias — Ironstone-series  (Hawsker)  79  ft.  3  in.  1  -,017  1 1 
Staithes  beds  „        68  „   8  „  J  ^"^^  ** 

Lower  Lias — Bobin  Hood's  Bay  (being  our  Middlu 

Lias  to  base  of  X-ormo^us  zone)   151  11 

Lidurated  bands  of  Lower  Lias 103    0 

580  10 

from  which  he  deduces  a  probable  total  of  600  feet. 

North-west  of  Cleveland, — The  base  of  the  lias  was  reached  in 
the  Eston  gypsum-pit ;  and  were  the  stratA  continuously  horizontal, 
then  the  difference  in  altitude  between  the  base  of  the  Lias  in  the 
pit  and  its  upper  surface  exposed  on  Eston  Nab  would  alone  repre- 
sent a  thickness  of  870  feet ;  but  the  strata  in  the  hill  have  a  dip 
of  1  in  15  to  the  south-east,  and  the  gypsum  beds  in  the  pit  have  a 
northerly  rise,  as  proved  by  their  position  in  the  Middlesborough 
salt-pit,  in  the  Lackenby  gypsum-pit,  and  in  the  cliff-section  at 
Lazenby  Csee  p.  34).  A  horizontal  section  through  the  Eston 
gypsum-pit  to  Eston  Moor,  drawn  to  a  true  scale  and  with  the 
ascertained  dip,  shows  a  total  thickness  of  1325  feet  of  liassic  strata 
(see  plate  of  sections).  Of  this  total  there  are  certainly  known 
Upper  Lias  181,  grey  shales  33,  Ironstone  and  other  Middle-Lias 
strata  93|  feet  in  the  hill-side,  and  164  feet  of  Khatic  and  Lower 
Lias  in  tiie  pit;  but  there  is  therefore  a  very  large  proportion 
concealed.  The  section  at  Huntcliff  partially  fills  the  void  by  repre- 
senting a  depth  of  323  feet  of  Middle  Lias  beneath  the  grey  shades. 

A  section  from  Lazenby  Cliff,  through  a  weU  on  West-Coatham 
Marshy  and  a  bore-hole  to  the  south  of  Slake's  pit  to  the  outcrop  of 
the  angulatuS'heds  at  Kedcar,  prove  that  150  feet  of  lias  and 
Bhffitic  occur  below  the  upper  part  of  the  angulatve-heda  at  Redcar— ^ 
a  determination  which  corroborates  our  opinion  that  the  Eston  sink- 
ing is  solely  in  the  angulatus-hedB  and  inferior  strata. 

Above  the  angulatiis-heds  at  Redcar  there  is  an  extensive  spread  of 
the  BucJclandi-hme&toTies  and  shales,  affording  a  continuous  sec- 
tion calculated  to  have  a  thickness  of  200  feet.  Between  these  and 
the  Jamesoni-hedB,  on  Coatham  Scars  (on  the  horizon  of  the  base  of 
Huntcliff),  the  sea  intervenes  with  islets  of  the  oxynotus-  and  av'- 

*  Trans.  GteoL  Soc.  toI.  t.  part.  1, 2nd  series,  p.  223. 
t  •  Geology  of  Yorkshire  Coast,'  p.  47 ,1868. 
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matui^neneBf  the  ihickneM  of  whieh  is  eBtimatod  at  d40  feet  A 
lection  from  the  gas-workB,  Bedear,  commenomg  at  the  level  of  the 
thick  limestone  towards  the  base  of  the  Buekkmdi-mnoB^  to  the 
OflP  Heights  on  Goatiiam  Scars,  gires  a  thickness  of  822  feet  as 
belonging  to  the  lias  intervening  between  ilie  lower  portion  of  the 
BuekiandiA)e^  and  the  npper  portion  of  the  fwaiymVohi^^and- 
stones.  From  these  two  independent  series  of  meainrea  the  thick- 
ness of  the  lias  may  be  sommariced  as  fcillows  >^ 

I.  n. 

ft  ft. 

Upper  liM,  EfUm  Nftb 181      TJppcr  Lias,  EiUm 181 

Gngr  flhalM          , 88      Greyahalei      „     83 

„            Himtoliff  823  IroDrtoae  and  aubordinate  ihales     74 

JSnweBPiii-bedB,  part  of  Ooatham  40  3f#ryartfg<iif-«aiidit€na  to  thick 

Jmuxtu^-  wndoxynotua-heda,  Bad-  BuctlmuU-hxikotUme,  Badoar  to 

mtBtn 860         Coatham 822 

StMai/^fi^i-bedi,Bedcar.. 180  Inferior  part  otBueil^idi,  Bed- 

Ait^fulatm  wad  Bkaiie,JSKUni  gxp-  oar 10 

■um-pit    164      Aiig9U4au9MidBka(ie,BtiUm 164 

1281  1^ 

The  difbrenoes  between  these  estimates  and  the  calcnlated  thidc- 
ness  in  the  Eston  HUls  are  slight  The  tot^  thickness  is  probably 
everjrwhere  else  less  than  that  at  Baton;  btit.in  general  it  can  only 
be  estimated^  and  there  is  no  other  place  along  the  western  escaip<« 
ment  where  it  can  be  satisfactorily  calculated,  on  account  of  either 
the  existence  of  f anlts,  or  the  ^bable  remoteness  of  the  nearest 
observed  Kenper  from  the  true  Ime  of  junction. 

In  Bobin  Hood's  Bay  and  Hawsker  we  obtain  accurate  measures 
as  far  as  the  Bueklandi-aeneBy  whieh  we  may  comdder  as  about  one 
third  exposed.  If  wc  add  the  Eedcar  measures  for  rocks  below 
these,  we  obtain  RhaDtic  14  feet,  Lower  Lias  378  feet,  Middle  Lias  470 
feci,  Upper  Lias  200  feet,  to  which  we  must  add  80  feet  for  the  zone 
of  A.jurensis,  making  a  total  of  1142  feet. 

These  thicknesses  greatly  exceed  those  of  Phillips  (850  feet), 
Bimpson  (600  feet),  and  Bewick  (700  feet) ;  but  the  difference  lies 
in  each  case  in  the  beds  below  the  margariiatus-zone,  the  Lower 
lias  of  those  authors :  the  last  two  have  underestimated  the  Jame- 
Boni'  and  oxynotus-zonea ;  and  the  first  has  taken  no  account  of  the 
thickness  of  the  llcdear  rocks,  which  would  make  just  the  difference 
between  the  estimates. 

A  calculation  of  thickness  between  Feliskirk  and  Thirsk,  on  a 
supposition  of  a  dip  of  2|°  in  the  direction  measured  between  known 
exposures  of  Oolite  and  Keuper,  give  a  total  of  900  feet,  which  is 
probably  above  the  truth,  as  the  Upper  Lias,  as  shown  by  Phillips, 
has  here  diminished  to  110  feet. 

These  are  the  only  complete  estimates  we  can  give  in  the  northern ' 
area.    In  the  south,  where  the  scries  is  complete,  it  is  much  dimi- 
nished in  thickness  ;  a  calculation  across  the  strike  south  of  Sancton, 
allowing  a  general  dip  of  2^°,  gives  GOO  feet  as  a  maximum,  the 
greater  portion  of  which  belongs  pi-obably  to  the  Lower  Lias. 
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Dip  and  UndulaHans, — The  liassic  strata  in  Cleveland  have  a 
general  dip  sout^-east  at  a  low  angle ;  and  in  many  extensive  sec- 
tions the  true  dip  does  not  exceed  1  in  18,  or  about  3°.  They  are 
thrown  into  gentle  undulations  with  an  invariably  greater  dip  on 
the  north  side  than  on  the  south  side  of  the  anticlinals.  This  pheno- 
menon is  well  exemplified  by  the  Eedcar  anticlinal^  the  northern  dip 
increasing  £rom  5°  to  11^,  whilst  on  the  south  the  maximum  is  not 
3^^-^and  by  the  Eston  synclinal,  the  strata  which  dip  down  to  the 
synclinal  axis  having  a  high  dip,  as  may  be  well  seen  in  the  Ormsby 
mineS;  whilst  the  rise  dip  to  the  north  in  the  Eston  mines  is  only 
1  in  14-6 — and  also  by  the  Keuper  marls  at  Beaton,  near  Hartlepool, 
as  noted  by  Young  and  Bird,  pp.  170,  171. 

This  dip  becomes  changed,  south  of  the  Guisborough  Hills,  by  the 
influence  of  the  master  anticlinal  that  stretches  in  an  easterly  direc- 
tion by  Burton  Head,  Ingleby  Greenhow,  Blakey  Topping,  <fec.,  along 
which  the  liassic  rocks  attain  their  greatest  elevation  above  the  sea- 
level,  and  which  forms  the  watershed  between  the  Humber  and  the 
Tees.  Parallel  to  this,  on  the  north  and  south,  are  synclinal  axes — 
the  northern  one  allowing  the  liassic  rocks  to  appear  on  the  coast, 
and  the  southern,  more  remote,  forming  the  basin  of  the  Vale  of 
Pickering — one  drained  by  the  Esk,  the  other  by  the  Derwent. 
Along  the  western  escarpment  the  Lias  has  also  a  slight  dip  to  the 
east ;  and  in  the  south  this  is  lost,  and  the  beds  have  a  north-westerly 
dip,  as  may  be  seen  by  the  lower  beds  coming  on  as  wo  pass  from 
Oulston  to  Crambe.  They  would  thus  form  half  a  basin,  were  it 
not  for  the  above-mentioned  anticlinal.  This  is  also  crossed  by 
another  at  right  angles  to  it,  and  of  less  consequence,  as  it  scarcely 
affects  the  northern  synclinal,  and  has  its  axis  in  Danby  Kidge. 
The  bases  of  the  dales  thus  form  a  "  saddle."  These  dales  form  a 
very  interesting  feature  in  the  geology  of  Yorkshire.  They  arc  true 
liassic  inliers  of  the  general  form  of  an  elongated  ellipse,  with  the 
axis  nearly  N.N.E.  in  the  northern,  and  N.N.W.  in  the  southern. 
They  have  picturesque  precipitous  sides  formed  by  the  massive 
Oolites  which  cap  the  Lias.  None  of  them  are  connected  by  liassic 
surface  rocks  except  Glaizedale  and  JBskdale.  The  streams  that 
drain  them  have,  of  course,  a  greater  fall  than  the  dip  of  the 
rocks  from  the  anticlinal  at  the  head  of  the  dales ;  but  both  in  the 
southern  and  northern  series  the  fall  becomes  afterwards  less  than 
the  dip,  and  they  flow  over  the  edges  of  higher  rocks.  The  initial 
origin  of  these  valleys  seems  to  be  referable  to  lines  of  fracture  pro- 
duced by  the  elevating  force  along  the  anticlinal  axis.  This  action 
does  not  seem  to  have  produced  transverse  dislocations,  though  some 
faults  parallel  to  the  anticlinal  are  known ;  but  no  faults  in  the 
lengths  of  the  valleys  have  been  detected,  excepting  in  the  escarpment 
at  Ingleby  Greenhow  and  Battersby  Moor,  which  probably  form^  part 
of  the  boundary  to  a  dale  forming  one  of  the  northern  series  ;  Scug- 
dale  is  a  remnant  of  another  one,  but  belonging  to  the  southern  sot. 
The  denudation  has  taken  place  along  the  lines  of  fracture.  The 
heads  of  many  of  the  dales  are  but  lines  of  fracture  still,  notably 
that  of  Basedale,  as  also  of  Bransdale  and  Bilsdale  East ;  further 
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down  their  t:ourse  the  general  denudation  has  widened  them  ;  hut 
in  some  cases,  as  they  encounter  the  Oolite  again,  the_T  are  narrowed 
into  gorges «  as  in  Gleizedole^  East  AmcMb,  Boeedale,  Branedale, 
And  llosodalc. 

With  regard  to  the  epoch  of  their  excavation,  we  miast  remark 
that  the  Bo  older- day  aearcelj'  rmches  higher  than  ti50  feet  in  the 
North  Kidingf  and  thus  that  these  dales,  which  do  not  descend  so 
low,  are  free  from  it.  At  tho  boaes  of  them,  however,  are  great 
moutida  of  eandy  clay,  with  various-si^ed  ruther  watcrwom  stoue* 
of  local  origin,  as  at  Ain  thorp.  Pry  up  End.  and  Glaiadalc  End, 
which  firom  their  unstrntified  appearance  seem  best  accounted  for 
by  glacial  action  ;  and  as  wo  descend  lower  in  tlie  same  Esk  valley, 
the  blocks  become  large^  and  wo  reach,  near  GroemoLt,  tme  Ho  alder* 
clay  with  foreign  blocks.  It  would  seenip  then^  that  these  TaUeys 
were  excavat^^d  before  the  glacial  epoch,  but  that  they  were  scoured 
out  during  it  by  ice,  which  loft  its  accumulations  in  mounds  at  the 
ends. 

Besides  the  large  folds  already  described,  there  are  several  minor 
ones,  which  account  for  the  geological  featuress  of  the  surfiice.  An 
antielind  is  obecrvable  on  tho  shore  between  Marake  and  Bedcsr^ 
another  which  transversely  intorsocta  the  long  ridges  of  Pinekin- 
thorpe  Hill ;  also  an  extensive  one  courses  from  liockcliff  south-east 
into  Eakdale,  which  is  obvioualy  succeeded  by  minor  undulations  on 
the  north-east,  as  exhibited  hetweeu  Staithe^  and  Kettlenees. 
Robin  Hood'a  Bay  ie  elevated  in  the  form  of  a  mouiul,  dipping  in  all 
diroctions  firom  the  centre,  having  synclinals  e^ihibited  in  Ibumdale 
and  on  the  coast  towards  Whitby.  Synelinals  are  obsetvablc  tra- 
versing Ormsby  and  Eeton  HiUs,  at  Ainthorpc,  between  Banby 
and  Fryup^  and  at  Leatholm  Bridge,  separating  the  liaseic  areas  of 
Fryup  and  Glaizedale. 

At  Sleights  Bridge  phenomena  are  exhibited  which  may  bo  due 
either  to  a  sudden  dip  forming  a  synclinal,  or  to  a  faidt,  the  critical 
localities  for  deciding  the  question  being  deeply  covered  with  nn- 
Btratified  local  Boulder-clay.  The  upper  edge  of  the  lias  rises  from 
376  feet  at  Little  Beck,  to  476  feet  at  Blue  Bank,  over  Sleights,  and 
is  also  rising  towards  the  west,  making  the  true  dip  about  E.S.E. 
This  involves  an  anticlinal  along  Eskdcde,  as  the  beds  on  the  north 
side  of  the  valley  are  at  a  slightly  lower  level ;  at  Ugglebamby  the 
Oolite  is  dipping  south-east,  as  it  should;  but  at  Sleights  Bridge 
the  margaritatus-hedn  are  dipping  rapidly  north-east ;  half  a  mile 
east  of  this  the  Golite-and-Lias  junction  is  seen  at  a  level  of  60  feet. 
These  phenomena  may  perhaps  be  accounted  for  by  conceiving  Esk- 
dale  as  a  centre  of  elevation  from  which  the  strata  dip  on  all  sides, 
rapidly  on  the  north-east.  They  may,  however,  be  cut  off  by  a  fault  on 
that  side  coursing  just  west  of  Ugglebamby,  and  east  of  Sleights 
Bridge. 

Local  flexures  have  been  observed  in  the  margaritatus-heds 
on  the  banks  of  Skelton  Beck,  where  in  one  section  the  strata  are 
perpendicular ;  on  the  west  side  of  Sleddale  Beck,  near  Sleddale 
Bridge,  two  miles   east  of  Eildale,  the  alum-shale  rises  up  into 
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the  form  of  an  arch.  Contorted  stratification  in  the  Upper  lias  is 
mentioned  by  Phillips  as  being  visible  in  Rnnswick  Bay ;  but  this 
appearance  and  the  Hob-Hole  caves,  depicted  by  Young  and  Bird, 
have  since  been  masked  or  demolished. 

Along  the  northern  coast,  the  valleys  generally  are  excavated  in 
a  direction  contrary  to  the  dip  of  the  strata,  but  they  do  not  appear 
to  be  connected  with  lines  of  dislocation.  The  Esk  breaks  through 
the  escarpment  on  the  line  of  a  fault,  which,  however,  is  for  a  few 
yards  only  coincident  with  the  direction  of  the  valley;  so  also  with 
regard  to  the  Staithes  beck.  The  narrow  valleys  through  which 
the  Saltbum  and  Skelton  becks  reach  the  sea  idope  to  the  north, 
whilst  the  strata  over  which  they  flow  dip  to  tho  south-east ;  both 
have  their  source  in  the  bay-like  tract  occupied  by  Upper  Lias, 
between  Boosbeck  and  Slapewath,  which  seems  firom  the  peaty 
accumulation  on  the  surface  to  have  been  once  a  lake,  and  undoubt- 
edly drained  by  these  two  streams  flowing  in  opposite  directions. 

Passing  now  to  the  southern  area,  the  chief  feature  is  the  impor- 
tant but  gradual  anticlinal,  which  raises  the  lower  bods  as  we  pass 
eastward  to  the  Derwent  from  Brandsby,  and  which,  being  of  pre- 
oolitic  age,  causes  the  Kheetic  and  Oolite  to  come  into  contact  at 
Howsham.  On  the  eastern  or,  rather,  the  southern  side  of  this 
anticlinal  (for  its  course  seems  to  be  nearly  east  through  Acklam) 
the  Lower  Lias  continues  its  course  with  minor  undulations  as  far 
south  as  Market  Weighton,  in  this  space  changing  its  strike,  and 
afterwards  having  a  dip  of  2i°  to  3°  in  an  E.S.E.  direction. 

Another  minor  feature  occurs  in  the  broken  district  in  the  neigh- 
bourhood of  Sessay,  where  the  liassic  beds  lie  in  a  long  narrow 
trough,  running  out  west  to  Topcliffe ;  and  one  end  of  this  is  seen  in 
section  there.  There  is  also  a  gentle  anticlinal  crossing  at  Hotham, 
on  the  south  of  Market  Weighton,  east  and  west,  and  raising  up  the 
upper  portion  of  the  Rhsetic  beds. 

The  rocks  of  the  Lower  Lias  in  the  tracts  where  they  alone  inter- 
vene between  tho  Kcuper  and  post-liassic  rocks,  often  present  a 
peculiar  feature  known  as  "  hanging  cliffs."  These  are  steep  hill- 
sides, on  which  the  soft  Lias-clay  crops  out  with  its  scattered 
bands  of  stone,  and,  yielding  with  the  moisture,  gives  rise  to  a  sort 
of  minor  landslip,  so  that  the  vertical  contour  is,  as  it  were,  festooned. 
These  do  not  seem  to  be  related  to  the  dip  of  the  beds  towards  the 
valley,  as  they  occur  on  the  hills  facing  west.  The  chief  of  these 
are  at  Leppington,  Bugthorpe,  Givendale,  and  Pocklington. 

Faults. 

At  flrst  sight  it  might  have  been  supposed  that  the  Liassic  tracts, 
compoised  of  strata  resting  in  nearly  horizontal  positions,  would  be 
comparatively  free  from  faults  or  lines  of  dislocation.  Such  a  sup- 
position, however,  would  be  altogether  erroneous ;  and  though  the 
dislocations  are  not  on  so  grand  a  scale  as  in  the  contemporary  rocks 
in  some  parts  of  Europe,  yet  faults  are  numerous  over  the  Cleve- 
land Hills  and  adjacent  districts. 
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PEnxnaabo  erttaaalid  4iai 
didocataona of  tiie fiEuilte  PcefioiMhra 
bj  Young  ft  Kid,  and  ladioated  tiba 
of  another  at  Bnnawidc 

Mijuunr,  in  hia  paper,  nakea  knoim  fta 
eiKtennTa  dialooation  wbidi  boonda  flia  ixon* 
atone  field  of  Efton  on  the  aootti,  and  whiA 
will  hereafter  be  refared  to  aa  flie  UpiaH 
fbnlt. 

BswxGK  traoed  the  oooxae  of  tiie  WMtbf 
fitnlty  and  annmied  tiie  ezieteiifie  of  a  fkott 
at  the  head  of  Danby  Daloi  which  we  have 
proved. 

SiMiaoH,  in  hia  <Gnide  to  tfie  Oeoiogir  of 
the  YorkahixeCoaat'  (1808]^  givea  ahoriacmtal 
aeotlon  of  the  atrata  <«  the  eoMt,  and  therein 
inficatea  the  preaenoe  of  ndnor  diilocationa  be- 
tween Staithea  and  Bnnawiec,  iome  of  wfaioh 
are  mentioned  by  Yoong  and  Bird. 

AiuBOV  illnatrated  1^  a  horimntil  aeotion 
the  Weaterdale^ikiilt^  thoog^  its  oonm  ia  not 
marked  ont. 

A  more  detailed  aiirrey  than  seema  preronaly 
to  have  been  made,  and  the  opportonitiea  af- 
forded by  the  now  extensive  mining  operations  in 
Cleveland  for  an  examination  of  some  of  the  phe- 
nomena of  stratification  that  would  otherwise  be 
impossible,  have  revealed  the  existence  of  nume- 
rous lines  of  fracture  affecting  the  liassic  and 
Oolitic  strata.  The  accompanying  section,  which 
very  strikingly  illustrates  the  frequeucy  of 
faults  in  a  limited  area,  represents  a  horizon- 
tal line  of  one  mile,  in  a  nearly  east-and- 
west  direction,  crossing  which  in  nearly  parallel 
courses  are  seven  faults,  as  proved  in  the  £ston 
ironstone  workings.  Six  of  these  faulte  throw 
the  strata  down  on  the  east ;  and  the  aggregate 
amount  of  the  throws  is  350  feet 

It  is  very  probable  that  a  considerable  num- 
ber of  faults  traverse  the  Lower-Liassic  plain, 
but  of  which,  on  account  of  the  Boulder- 
covering,  we  have  no  evidence ;  and  we  may 
reasonably  conclude  that  the  faults  are  as 
numerous  there  as  in  the  neighbouring  hills, 
in  proportion  to  their  respective  areas. 
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Very  generally  the  faolta  affecting  the  sea-  and  inland  cliffs  are 
exposed  to  view,  and  the  hade  of  the  fault  is  traceable,  indepen- 
dently of  the  different  aspects  presented  on  each  side,  by  the  frag- 
mentary condition  of  the  rocks  along  the  line  of  the  dislocation.  In 
other  cases  the  evidence  for  their  existence  rests  upon  the  juxta- 
position of  strata  of  .different  ages;  and  in  this  determination  a 
correct  knowledge  of  the  distribution  of  life  in  the  Liassic  forma- 
tions is  of  the  highest  value  and  practical  importance,  and  recom- 
mends itself  to  the  notice  of  mine-owners  and  viewers,  who,  excepting 
a  few,  persistently  ignore  every  geological  principle  in  each  new 
enterprise.  Thus,  for  instance,  where  the  caprtcomtts-  or  margari" 
taftK-shales  are  faulted  against  the  grey  shales  (as  at  Brackenberry 
Wyke,  Staithes),  the  upper  margrartto^tw-shales  against  jet-rock  (as 
at  Bamaby  Moor),  the  «/am65oni-shales  against  the  alum-shales  (as 
at  Ormesby),  the  Bvuklandi-^^les  against  the  angvl<xtuS'B\idl<d%  (as 
at  Kedcar),  it  is  chiefly  by  the  contained  fossils  that  we  are  led  to 
the  discovery  of  the  dislocation. 

With  few  exceptions  the  faults  are  of  limited  length,  and  have  a 
small  throw ;  and  there  appears  to  be  no  relationship  among  them 
in  respect  of  direction,  though  in  a  few  localities  their  origin  is 
referable  to  a  common  centre.  This  latt<)r  phenomenon  is  observable 
on  the  Kedcar  Scars  and  at  Normanby.  Some  few  of  them  send  off 
one  or  more  lateral  branches,  the  throw  of  t}ie  main  fault  dimi- 
nishing in  amount  by  that  of  the  successive  offsets.  Good  exam- 
ples of  such  exist  in  the  south-west  workings  of  the  Normanby 
mine  and  in  the  Uplcatham  mines.  In  the  latter  example  the  main 
fault,  which  courses  north-east  and  south-west,  has  a  downthrow  of 
50  feet,  to  the  east,  in  the  south-west  workings ;  but  in  its  north- 
erly extension  it  sends  off  three  faults,  having  a  small  downthrow  on 
the  same  side,  two  of  which  have  died  out  before  the  outcrop  is 
reached.  The  Upleatham  fault  presents  an  unusual  feature.  Where 
the  maximum  throw  has  been  determined,  the  breadth  of  the  strata 
disturbed  by  the  dislocation  is  about  100  yards ;  there  is  no  abrupt 
change  of  position,  but  the  strata  gradually  decline  in  the  direction 
of  the  downthrow,  so  that  the  phenomenon  is  rather  a  sudden  change 
in  the  direction  and  in  the  amount  of  dip  of  strata  for  the  given 
breadth. 

The  Hummersea  fault  presents  some  features  that  may  be  useful 
to  illustrate,  which  we  are  enabled  to  do  by  the  courtesy  of  William 
France,  Esq.  On  the  front  of  the  cliff,  the  line  of  fracture  is  dis- 
tinetiy  visible,  but  the  dislocation  is  inappreciable.  At  a  distance  of 
nearly  six  furlongs,  measured  along  the  south-westerly  course  of  the 
fault,  there  is  an  abrupt  downthrow  on  the  south-east  of  13  feet 
(see  fig.  6),  the  severed  faces  of  the  strata  being  separated  by  a  space 
of  27  feet,  filled  with  shaly  debris.  The  fault  has  been  traversed 
again  at  an  intermediate  point,  19  chains  from  the  cliff  (see  fig.  7) : 
here  neglecting  an  interval  of  1 09  feet,  the  strata  show  a  gentle 
north-easteiiy  rise,  which  culminates  in  the  Boulby  anticlinal.  The 
interval  alluded  to  is  occupied  for  the  first  38  feet  by  debris ;  then 
for  a  length  of  53  feet  the  strata  rise  rapidly  to  the  north-east,  the 
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mazimtim  amoimt  of  displaoement  hemg  20  feet ;  two  minor  frao- 
toreB  ftiriher  elevate  the  strata;  and  at  a  stance  of  109  feet  from 
the  primary  fracture  tiie  strata  r^;aui  their  normal  position.  It 
would  thns  appear  that  at  this  point  the  main  fraotore  prodaoes  no 
aotoal  dirolaoement,  bnt  that  tne  beds  on  the  east  side  have  snb- 
ddedy  whieh  snbsidenoe  has  given  rise  to  the  two  supplementary 
&nltfl. 

'    Fig.  e.^8eetim  offfummersea  FuuU,  19  ehaim  8.  W.from  QUff. 
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Fig.  T.—The  same,  68-7  dtaim  S.W.Jrom  Cliff. 


Soile,  120  ft.  to  an  inuh. 


Peak  Fault — ^We  have  little  to  add  to  the  information  given 
oonoeming  this  by  Young  &  Bird  and  Phillips.  It  runs  in  a 
north-by-east  direction  ;  and  when  one  stands  on  the  shore  it  may 
be  seen  distinctly  traversing  the  cliff  by  the  side  of  a  small  point ; 
and  on  the  shore  the  line  is  marked  by  the  upturned  edges  of  the 
rocks  on  either  side.  Where  it  cuts  the  lower  part  of  the  cliff 
Inoceramus  dubius  and  Oryphcea  cymhium  may  be  found  witliin  six 
inches  of  each  other  ;  so  that  the  throw  is  the  whole  thickness  of  the 
Middle  Lias,  t.  e,  not  less  than  400  feet.  On  the  scar,  the  two  beds 
in  contact  are  the  top  of  the  oxynoius-  and  part  of  the  marga- 
rttofti^-series.  Crossing  the  main  fault  at  right  angles  on  the  side 
of  the  bay  is  another,  smaller  one,  with  a  downthrow  to  the  south. 
In  Robin  Hood's  Bay  slight  faults  may  be  detected  in  the  scars ;  but 
their  throws  are  very  insignificant,  only  shifting  the  beds  by  the 
thickness  of  one  of  them. 

Whitby  Fault — The  oolitic  strata  on  the  west  of  Whitby  pier  are 
lower  than  those  on  the  east  by  about  75  feet.  Phillips  estimates 
it  at  not  less  than  150  feet.  It  is  sufficient,  at  all  events,  to  cut  off 
all  the  Lias  from  the  west  side,  the  dip  of  which  on  the  east  soon 
takes  it  from  the  surface.  The  fault  would  appear  to  be  coincident 
with  the  bed  of  the  stream  for  only  a  short  distance. 

Sleights. — We  have  already  alluded  to  the  [possible  existence  of 
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a  fault  of  some  extent  at  this  place,  as  Bewiok  supposes,  and  as  we 
have  indicated  on  the  map ;  but,  as  remarked,  it  may  be  called  in 
question. 

Eunswick  Fault, — The  existence  of  this  fault  was  indicated  by 
Phillips,  who  estimated  the  amount  of  dislocation  at  40  feet. 
Simpson  refers  to  the  same  fault  when  he  states  ('  Guide  to  the 
Geology  of  the  Yorkshire  Coast,'  p.  45, 1868)  that  "near  the  aban- 
doned iron^works  there  is  a  considerable  dislocation  of  the  strata^ 
which  on  the  south  side  have  been  thrown  down  40  feet."  The  fault 
is  well  exposed  to  view  in  the  narrow  ravine  of  Runswiok  Beck,  at 
the  north  end  of  the  village,  and  in  the  cliffs  overlooking  the  ruins 
of  the  Victoria  ironworks.  Its  course  is  therefore  a  little  east  of 
south ;  and  the  downthrow,  as  measured  by  the  relative  positions  of 
the  main  block  of  sandstone,  is  50  feet,  to  the  east ;  the  hade  is  in 
the  same  direction. 

Staitkes  District. — Between  Port  Mulgrave  and  Colbum  Nab  the 
sea-cli£[s  are  traversed  by  five  vertical  faults,  the  horizontal  courses 
of  which  cannot  be  determined  on  account  of  the  diluvial  cover. 
The  most  southern  one,  in  Brakenberry  Wyke,  may  be  observed  most 
advantageously  on  the  beach ;  it  throws  down  the  main  seam  on 
the  south  to  below  the  level  of  low  water,  which,  on  the  north  side 
constitutes  a  low  cliff  at  high-water  mark.  Between  tide-marks 
Ammonites  annulatus  and  A,  margaritatus  may  be  collected  in 
juxtaposition ;  the  amount  of  the  throw  cannot  be  less  than  25  feet. 

The  three  faults  which  succeed  to  the  north  are  insignificant ;  and 
their  existence  has  been  pointed  out  by  Simpson  and  alluded  to  by 
Young  &  Bird. 

Young  &  Bird  indicate  a  fault  bounding  Colbum  Nab  on  the 
west,  with  a  downthrow  in  that  direction  of  about  30  feet.  Phillipg 
has  illustrated  it  by  a  diagram,  and  estimates  the  throw  at  150 
feet. 

We  had  considerable  doubt  as  to  the  existence  of  any  dislocation 
at  this  place,  believing  that  the  dip  of  the  strata  was  sufficient  to 
account  for  the  different  altitudes  at  which  certain  bands  are  en- 
countered in  Colbum  Nab  on  the  west,  and  Penny  Nab  on  the  cast. 
Our  scepticism  was  overcome  when,  on  one  occasion,  we  were  able 
to  trace  the  stratification  across  Staithes  Wyke,  and  encountered  the 
clay-ironstone  nodules  with  Ammonites  capricomus  at  the  foot  of 
Colbum  Nab,  at  a  much  higher  level  than  would  admit  of  them 
passing  directly  beneath  the  lowest  stratum  observed  on  the  cast 
side  of  the  stream-course,  whidi  coincides  with  the  line  of  the  dis- 
location. The  difficulty  of  identifying  any  one  of  the  beds  seen  on 
the  flat  shore  with  those  within  reach  in  the  cliff,  arising  from  the 
different  conditions  of  surface  and  consequent  appearance,  does  not 
permit  us  to  assign  an  actual  amount  for  the  dislocation ;  but  we 
venture  to  estimate  it  at  20  feet. 

Upleatham. — The  group  of  faults  in  this  hill  have  been  already 
described. 

Redcar. — Numerous  small  faults  traverse  the  Redcar  and  Coat- 
ham  Scars,  generally  making  a  large  angle  with  the  line  of  strike. 


202^  VHB  TOBKBHIBI IXAB. 


The  moit  important  <me,  whioh  bai  been  alluded  to,  ia  proved  by 
the  jnxtapoaition  of  tiie  middle  aeriea  of  the  <<  BuMandi^-h^bi  on 
the  eaaty  and  the  lowtet  part  of  the  ** anguUau$**'fienea  on  the 
west,  on  the  shore  opposite  the  Battery,  Bedcar,  The  upthrow, 
whidi  IB  on  tiie  north-west,  and  probably  amounts  to  110  feet, 
brings  to  the  sur&oe  the  lowest  beds  of  the  Lower  lias  Tisible  on 
the  ooast  Its  oonrse  on  the  shore  is  about  south-west  and  north- 
east»  and  ooinindent  with  the  axis  of  the  Bedoar  anticlinal ;  it  has 
an  apparent  underly  on  the  north-west  Its  extent  is  not  deter- 
minate; but  the  ezistenoe  of  af^ula^ics-beds  within  a  few  feet 
from  the  sur&oe  at  the  undermentioned  points  indicates  its  south- 
ings:— 

1.  Wdl-dnldiig  sdjoiiiiiiff  the  railway  (south  stdto)  and  Weit  Lane  (west 

■ide):  BoaUtor^dajTB  fiwt;  **  Lower  BueifcAMk^bedB,'  friable  ahalei  with 
Bmall  flat  doggetn,  12  feet ;  thin  earthy  limestone  and  hard  ahale,  4  feet 
And  at  the  Gae-woifai  90  feet;  Bouldw-day,  main  limestone,  and  shales 
of  Jenny  Leigh's  Sow. 

2.  Bore-hole,  West-Ooatham  Lane,  87  fathoms  1  foot,  to  New  Bed. 
a  Blake's  Pit,  Ooatham  Mardi,  82  fiitfaoms  1  foot,  to  RhflBtio. 

4.  WeUHdnkuiff  near  West-Ooatham  Esrm,  amntiatH9-tMm  to  depth  of 
82ftet(ieep.60X 

nie  apparent  thidmess  of  the  Lower  and  Middle  Lias  between 
Baton  Slab  and  Eston  Junction,  somewhat  in  excess  of  the  actual 
meafures,  may  be  accounted  for  if  this  &ult  traverses  the  ground 
between  the  rTab  and  the  Eston  gypsum-pit.  There  is  no  eri- 
denoe  that  the  Bedoar  anticlinal  is  continued  so  &r  to  the  south- 
west 

&tcn  Diitrid. — ^The  Eston  and  Ormesby  outliers  have  been  sub- 
ject to  an  unusual  amount  of  disturbance.  The  faults  have  chiefly 
been  determined  underground ;  and  they  are  so  numerous  that  to 
introduce  all  of  them  in  the  map  would  render  it  unintelligible. 
They  arrange  themselves  chiefly  into  two  groups :  one  of  these 
systems  haa  a  general  direction  of  N.E.  by  E.  and  S.W.  by  W., 
and  includes  the  principal  ones  ;  the  direction  of  the  other  series  is 
N.N.E.  and  S.S.W. ;  these  cross  fractures  are  of  limited  extent. 

The  main  fault  in  the  Eston  workings  is  situated  a  little  north  of 
the  synclinal  axis  that  passes  through  the  hill,  and  has  a  course 
nearly  parallel  therewith.  Its  maximum  throw  is  2b  fathoms  down 
on  the  south ;  but  in  the  distance  of  one  third  of  a  mile  it  is  reduced 
to  16,  and  finally  dies  out  in  the  royalty. 

The  course  of  another  and  parallel  one  with  a  downthrow  on  the 
south,  is  traceable  beyond  the  present  limits  of  mine-exploitation 
under  Eston,  by  the  general  physical  features  on  the  surface,  on 
the  line  of  Court-Green  Beck,  the  main  seam  outcropping  where 
the  mill-race  diverges  from  the  stream.  On  the  south  of  the  fault 
the  workings  in  the  Dunsdale  pit  show  that  the  fault  is  prolonged 
to  the  east ;  its  throw  here  is  about  60  feet,  though  its  extension  to 
Upleatham  has  not  yet  been  ascertained.  It  tlius  traverses  a  distance 
of  two  and  a  half  miles.  A  reference  to  the  map  will  explain  the 
complicated  dislocations  that  affect  and  centre  around  Ormesby. 
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One  of  the  fiiults  is  of  considerable  importance,  that  fironting  the 
hill  on  the  north-west.  The  general  dip  of  the  beds  is  north-west ; 
and  beneath  the  capping  of  Oolite  the  alum-shale  crops  out,  form- 
ing a  well-marked  cliff  on  the  north-west.  A  well-sinking  at  Long- 
Bank  Farm  proved  the  strata  to  belong  to  the  b&se  of  the  Middle 
lias.  A  water-drift,  commencing  at  a  little  lower  level  and  driven 
towards  the  hill,  revealed  the  same  geological  horizon,  the  fossils  ob* 
tained  being  characteristic  of  the  zone  of  AmmoniUs  JamesonL 
Consequently  the  evidence  of  a  downthrow  fault  on  the  north  is 
conclusive,  the  amount  of  dislocation  being  measured  by  nearly  the 
whole  thickness  of  the  Middle  lias,  or  about  300  feet.  This  fault 
seems  to  be  bounded  by  transverse  faults,  that  on  its  west  being  well 
markedi  The  evidence  for  the  insertion  of  an  ironstone  patch  on 
the  south-west  of  Ormesby  is  the  upturning  of  portions  of  the  seam 
of  ironstone  by  the  plough ;  whilst  the  fault,  which  is  placed  to 
the  west  of  it,  is  indicated  by  the  hill  beyond  being  composed  of 
the  hard  beds  of  the  **  margaritatus  ''-zone,  at  a  much  higher  level 
than  the  dip  will  carry  them  beneath  the  ironstone,  and  by  the  jet- 
rock  proved  in  a  pit  sunk  on  the  west  side  of  the  road  leading  to 
Ormesby. 

Again,  another  fiiult  transverse  to  the  latter,  as  well  as  the  others 
shown  on  the  map,  is  traceable  by  the  aid  of  the  outcrops  of  the 
ironstone-seam. 

UpsaU  Fault, — ^This  fault  is  nearly  parallel  to  the  main  fault  in 
the  Eston  Hill,  and  is  one  of  the  most  persistent  in  the  district, 
traversing  the  country  for  a  distance  of  at  least  5||  miles.  It  is 
terminated  at  the  west  by  a  transverse  fault  deflecting  some  few 
yards  to  the  west  of  Upeoll  Sandstone  Quarry,  while  at  the  other 
extremity  it  would  seem  to  be  met  by  a  cross  fracture,  which  courses 
south-east  to  Stanghow,  though  its  actual  limit  is  as  yet  unknown. 
The  existence  of  this  fault  was  proved  by  Mr.  Marley;  but  its 
course  was  not  indicated  by  him.  The  outcrop  of  the  ironstone  on 
the  south-west  of  Eston  is  readily  traceable  up  to  the  position  indi- 
cated on  the  map ;  to  the  east  of  this  trial-drifts  failed  to  reveal 
the  presence  of  the  seam,  a  sufficient  reason  for  the  insertion  of  the 
transverse  fault  already  referred  to.  A  pit  was  sunk  in  the  planta- 
tion called  Osborn  Bush,  a  little  north  of  the  farmstead  of  Bamaby : 
the  escarpment  made  by  the  main  sandstone  almost  overhangs  the 
site  of  the  sinking ;  and  the  base  of  Oolite  is  seen  75  feet  above. 
The  sinking  was  carriedd  own  to  a  depth  of  40  fathoms ;  and  a 
boring  was  continued  thence  for  60  fathoms  without  encountering 
the  main  seam.  The  spoil-heap  of  the  sinking  contains  the  com- 
mon fossils  of  the  zone  of  Ammonites  Jamesoni ;  and  it  may  there- 
fore be  safely  assumed  that  the  strata  excavated  include  tilie  lower 
240  feet  of  the  Middle  Lias,  the  upper  120  feet  having  been  re- 
moved by  denudation,  the  sinking  commencing  evidently  below 
the  hard  beds  of  the  mai^garitatus-^ne^.  Consequently  there  is 
here  the  middle  imrt  of  the  Middle  Lias  in  juxtaposition  with  the 
base  of  the  Oolite,  the  dislocation  traversing  the  ground  between 
the  pit  and  the  oolitic  escarpment  with  a  considerable  downcast  on 
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the  north.    Th^  amoimt  of  the  throw  at  the  fault  may  be  thnt 
calculated: — 

North  Bide,  South  side, 

Midn  wndfitone.        *  fK                                                                ft, 

Ft%«ifftCi(m»  and  aliAlea  ,««,.,.,..*.  40      Differ«iioe  of  ^e^&l  h^twecn  bai»e 

Oolitio  fthalaa  and  ironstone   ...  17           of  frMatone  and  surface  at  pit      7B 

l^pjwr  Lioa  ..,....,.....*,....,...,  218       D<?ptli  of  pit  to  leTol  of  A.  Jame' 

Mam  it»ni  of  mmstonp,  depth  M^^tn................ ....«..,..,.,...     240 

of  Am mmi iir^^ameaan i  aktoiei  340                                                                    >  — - 

AUowanoa  for  dip 10                                                             315 

Amoiint  of  throw „„.  310  feet, 

'  This  estimate  is  doubtless  too  small  by  the  amount  of  the  thick- 
ness of  the  Jitmcsoni'hedB  paBsod  through.  A  calculatioa  based  upon 
the  absence  of  the  rnuffjaritatus-saad^toties  in  the  pit,  and  possibly 
in  the  higher  grouud,  gives  about  380  feet  as  the  amount  of  the 
throw* 

The  easterly  extension  of  this  fault  is  readily  traceable  at  eeveral 
points  where  the  small  outliers  of  the  ironstone  seom  are  found 
against  the  base  of  the  Oolite  and  the  Upper  Lias*  8  tan  ding  at  the 
Pinchinthorpe  railway -station^  and  looking  north,  the  observer  can- 
not fail  to  notice  a  conspicuous  bored  aurface  on  the  slope  of  the 
hiU  overlooking  Scugdale  Farm.  On  close  iuspeetion  the  upper  jkjf- 
tion  of  the  bank  will  be  found  to  consist  of  flaggy  sandstones  of  the 
OoHto  resting  against  the  jet-rock,  wblbt  the  ehalo  cropping  out  a 
little  lower  down  the  bank  belongs  the  upper  marganUitus-hed^, 
carrying  a  small  mass  of  the  main  seam  at  one  place :  the  chief  dis- 
location is  here  accompanied  by  a  confluent  fracture  of  small  extent, 
by  which  the  jet- rock  in  thrown  into  the  same  horizontal  plane  witli 
the  Oolite  and  main  ironstone  seam.  The  Bank-Field  bore-section, 
500  feet  to  the  south,  enables  us  to  fix  approximately  what  part  of  the 
Oolite  is  brought  down  to  the  level  of  the  ironstone ;  and  from  these 
data  the  throw  is  calculated  at  360  feet. 

Passing  into  the  plantation  on  the  east,  two  small  patches  of 
ironstone  occur  at  a  little  lower  level  than  the  thick  freestone  of  the 
Oolite,  proving  that  the  fault  still  maintains  its  magnitude.  Another 
outlier  of  ironstone  lies  against  the  fault  at  a  few  yards  west  of  the 
farmstead  of  Northcote ;  but  the  base  of  the  Oolitic  beds  is  relatively 
higher  than  at  the  former  places.  A  pit  known  as  the  Challoner 
Pit  has  been  sunk  to  the  ironstone  on  the  north  side  of  the  fault, 
at  about  a  quarter  of  a  mile  to  the  east  of  Northcote  Farm. 

Further  east,  the  evidence  may  be  studied  by  comparing  the  rela- 
tive position  of  the  ironstone  at  Tockett's  brickyard,  as  determined 
by  a  bore  to  be  at  a  depth  of  84  feet,  and  of  the  outlier  crowning 
the  knoll  on  the  south  side  of  the  road  leading  from  Guisborough  to 
Upleatham.  The  accompanying  section  will  illustrate  the  details, 
firom  which  is  determined  the  throw  of  270  feet. 
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Beyond  this  the  fault  ib  not  traoeable  on  tho.sni&oe;  bat  the 
throw  haa  declined  from  860  feet  at  Barnaby  to  270  feet  only  at 
TodcettB ;  it  may  therefore  be  conceded  that  it  does  not  disappear 
till  after  entering  the  Skelton  valley ;  but  it  ia  probable  that  it  is 
terminated  by  a  crow  fracture  whioh.  ia  known  to  dislocate  the 
freestone  half  a  mile  west  of  the  Tillage  of  Skelton,  coorsing  south- 
east towards  Boosbeck  with  a  downthrow  on  the  east. 

WaterfaM  i^aic2<.— This  &ult  intersects  the  oolitic  escarpment  at 
veiy  nearly  rij^t  angles;  and  its  downthrow  is  35  feet  on  the  north, 
as  determined  in  the  ironstone-workings  of  the  Skelton  pit.  The 
evidence  of  the  dislocation  of  the  sur&ce  is  observable  in  the  sudden 
change  of  level  of  the  Oolitic  sandstone,  proved  by  openings  which 
have  been  made  in  it  on  either  side  of  the  &ult,  as  also  traceable  by 
the  physical  features  presented  bv  this  stratum,  especially  the  out- 
burst (^  springs  beneath  it,  and  the  aspect  of  the  vegetation  growing 
upon  it.  The  moderately  sloping  front  of  the  Oolite  is  usually 
jd^uited  with  fir  trees,  whilst  the  plateau-like  summits  of  the  hills 
are  heathy  wastes,  sacred  to  grouse  and  dwarf  sheep.  Bawdiff 
banks  are  under  forest  culture;  but  the  belt  of  planti^on  is  sud- 
denly interrupted  and  recommences  at  a  different  level,  the  shift  in 
the  plantation  very  closely  coinciding  with  that  of  the  underlying 
rock. 

Stokesley  ffUU, — TSo  considerable  faults  are  known  to  us  along 
the  oolitic  escarpment  from  Guisborough  to  Battersby  Crags,  or  in 
the  acyoining  pLidn  of  the  lias ;  but  the  interruptions  to  the  strati- 
fication in  the  latter  section  are  so  shaip,  the  dark  alum-shale  abutr- 
ting  against  the  lighter-coloured  sandstone,  that  they  may  be  made 
out  from  the  railway  which  passes  by  at  the  distance  of  a  mile. 

Another  prominent  fi&ult  in  this  district  is  on  the  fJEU^e  of  the 
escarpment  of  Greenhow  Moor.  Thence  there  is  no  break  in  the  stra- 
tification tDl  we  encounter  the  fault  which  traverses  Whorlton  Moor, 
and  emerges  into  the  liassic  tract  on  the  south-west  side  of  Whorlton 
Hill ;  it  is  evidently  connected  with  a  centre  of  great  disturbance  in 
Kaisdalc.  Lastly,  a  fault  intersects  the  cliff  at  Scarth  Nick,  with  a 
downthrow  on  the  west  of  about  75  feet,  shifting  the  outcrop  of 
the  Oolite  over  200  yards  to  the  north,  thus  giving  rise  to  that 
aspect  in  the  cliff  scenery  which  has  undoubtedly  suggested  the 
denomination  of  "  nick."  Ascending  to  the  nick  by  the  road 
leading  from  Scarth-Nick  Farm,  we  cross  the  main  seam  of  ironstone, 
which  has  been  opened  upon  in  the  wood  on  the  east  side,  and  of 
which  there  is  a  natural  exposure  in  the  stream-course  on  the  west 
side  of  the  road  ;  and  before  us  is  a  bank  of  jet-rock,  almost  over- 
hanginpj  which  about  25  feet  vertically  above  is  a  brow  formed  by 
the  oolitic  sandstone, — two  observations  which,  in  addition  to  the 
lateral  shaft  of  Oolite,  det<jrmine  the  direction  and  amount  of  throw 
of  this  fault. 

iSif/sfon  Fault, — The  Oolitic  outlier  of  Borrowby  is  bounded  on  the 
west  side  by  a  fault,  along  which  flows  for  a  part  of  its  course  the 
Cod  beck.  The  succession  of  grit,  arenaceous  ironstone,  alum -shale, 
and  jet-rock  dipping  south-west  is  well  displayed  on  the  scarped 
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face  of  the  outlier  fronting  the  stream  ;  whilst  the  high  bank  on  the 
opposite  side  of  the  beck  is  made  by  gryphite  limestone^  which  is 
traceable  northward  by  the  Manor  House,  Sigston,  to  Ellerbeck. 
At  the  northern  extremity  of  the  outlier  these  Buckiandi-heda,  seen 
near  the  Manor  House,  are  in  juxtaposition  with  the  lower  part  of 
the  Upper  lias,  whilst  at  CotcMe  Bank  the  base  of  the  Oolite  is  at 
an  elevation  of  300  feet,  dipping  at  a  high  angle  towards  the  Btuk- 
lundi-heds  at  a  height  of  200  feet.  The  throw  will  therefore  be 
equal  in  thickness  to  that  of  the  Upper  and  Middle  Lias  and  of 
the  oaynotuS'hedB ;  but  the  absence  of  comprehensive  sections  in 
this  district  does  not  enable  us  to  give  a  correct  estimate :  however^ 
the  thickness  of  the  Upper  lias  cannot  be  less  than  150  feet ;  and 
certainly  an  equal  amount  must  be  adjudged  to  the  Middle  Lias. 

The  fault  has  not  been  traced  beyond  the  above-mentioned  place ; 
but  its  declination  northward  is  obvious,  and  probably  comes  to  an 
end  a  little  beyond  Ellerbeck ;  the  easterly  shift  of  the  New  Bed  and 
Lias  to  the  south  of  Thomton-le-8treet  may  be  accounted  for  by  the 
extension  of  this  fault  in  the  plain  of  New  Bed,  somewhere  to  the 
south  of  Wood  End. 

Thirkldyy  and  Husthwaite  Faults, — The  country  to  the  south  of 
Thirkleby  does  not  afford  any  good  liassic  exposures ;  but  on  crossing 
a  low  ridge  (Thirkleby  Barf)  we  find  beds  of  the  Inferior  Oolite  of 
Brandsby  dipping  at  a  high  angle  (1  in  6)  to  the  E.N.E.,  and  in 
Quarry  Banks  at  a  higher  angle  still  (1  in  3)  to  north ;  a  mile  to 
the  south  of  this  we  have  the  margaritatus-hQ^^  dipping  south. 
These  observations  require  two  faults  running  nearly  cast  and 
west,  and  meeting  somewhere  beyond  Hutton  Sessey. 

The  northern  one  will  have  the  greatest  throw  and  hade  to  the 
south,  while  the  southern  will  hade  to  the  north.  Against  this  latter 
the  rising  beds  of  the  Sessay  synclinal  must  abut ;  and  in  the  con- 
trary direction  we  must  carry  it  as  far  as  Coxwold ;  for  by  the  beck- 
side  there  are  Oolitic  carbonaceous  rocks  and  limestone  dipping 
south-east,  and  the  hills  to  the  south  arc  Liassic  to  an  elevation  of 
150  feet  above  this  level.  The  Lias,  however,  dips  rapidly  down 
to  Newbui^h  Mill,  beyond  which  we  need  not  trace  the  fault.  The 
whole  strip  of  country  between  CJoxwold  and  Kilbum  has  been  let 
down  by  some  enormous  break-up  of  the  strata  into  the  very  midst 
of  the  Lias,  the  actual  amount  of  throw  being  indicated  by  the  thick- 
ness of  the  whole  of  the  Inferior  Oolite,  since  at  Coxwold  even  the 
Upper  Oolites  are  on  a  level  with  the  Lias. 

Another  fault  may  be  traced  to  the  south  by  Husthwaite.  On 
the  hill  to  the  south  of  this  the  Upper  Lias  is  at  an  elevation  of 
nearly  350  feet ;  but  700  yards  west  of  this  we  find  the  Oolite  at 
an  elevation  of  200  feet  with  a  gentle  dip  to  the  south-east,  and 
nearer  the  railway  the  Oolite  may  be  traced  at  an  elevation  of  160 
feet  to  within  the  same  distance  of  JamuoniAye^'A  at  a  level  of  160 
feet. 

Easingwohl. — There  is  evidence  of  a  small  dislocation  here  running 
east  and  west  to  little  to  the  north  of  the  town,  in  the  fact  of  the 
spinatus-hcdB  occurring  below  the  150-feet  contour  with  Upper  Lias 
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jegularlj''  aucoecdiiig  it^  while  iiwj^anfa^u^^sandaitone,  also  followed 
regulurly  bjr  nearly  hori^oatal  beds,  occur  a  little  to  the  north  at  225 
feet ;  the  dips  obson^ed  will  not.  aceount  for  the  diiTerenee-  If  the 
occurronco  of  llhajtic  beds  near  the  town  were  eonflrmed,  it  would 
point  to  a  greater  dislocation  to  th&  south* 

Cnimbe, — There  C4m  ho  no  doubt  that  some  dislocation  affects 
this  hill ;  but  it  eacnot  be  said  to  bo  satisfactorily  explained*  It 
Is  certain  that  the  Oolite  lies  on  the  Middle  Lias  at  Mowthorpe^ 
on  the  Lower  Lias  and  almost  the  Keuper  south  of  Crambo  Tillage, 
and  on  the  Rhietic  at  Howsham ;  but  at  Kirkham  it  lies  on  the  alum- 
shale  with  jet-rock  below.  The  best  explanation  is  perhaps  by  a 
preoolitic  dialoeation  of  considerable  throw  crossing  the  Dorwent 
at  Crambo,  as  there  are  no  certain  indicatioJiB  of  any  corrospoudiiigly 
large  throw  in  the  Oolite  itself* 

AckJam. — There  is  evidence  of  an  eaat^and-west  fault  between 
AckJam  and  Leavening,  with  a  downthrow  to  the  north,  in  the  very 
high  dip  to  the  north  of  the  P^fz^romya- limestones  in  the  Moor  beck  ; 
while  the  Red  Marl  a  little  to  the  south  is  horiuoiital,  and  the 
**  hanging:  cliffs "  of  Acklam  Wood  are  at  a  higher  level  than  the 
Oolite  immediately  to  the  north. 

Kirby  Under  d<iie. — ^A  nearly  east -and- west  fault  ranges  just  north 

of  this  YiUnge,  which  has  brought  down  the  Inferior  Oolite,  with  the 

'  MiUeporc-bed,  which  caps  Howe  Hill,  into  juxtaposition  with  the 

Lower  Lias  with  Gi*yplusa  arcitata  to  the  south  of  it.     This  fault  is 

precrctaceous- 

Oarrouihif.^A  fault  parallel  to  the  last  runs  through  Garrewby 
Lodge,  into  the  park,  i^ith  a  downthrow  on  the  north,  shifting  tbi? 
outcrop  of  the  Liaa  by  half  a  mile,  and  bringing  the  Jammmn-hfidB 
at  Bugdale  Spring  to  a  lower  level  than  the  angulatm-hed^  to  the 
Bouth  of  it.  The  surface  also  of  the  Lias  appears  to  be  very  irre- 
gular, giving  the  apppur^mce  of  rapid  chnn^O!^  of  dip  j^t  r>f  disloca- 
tions to  the  overlying  strata.  Similar  surface-irregularities  occur 
at  Givendale,  where  oolitic  and  cretaceous  rocks  appear  in  hollows 
or  patches  of  no  great  superficial  extent ;  but  neither  the  Lias  nor 
the  Chalk  supply  conclusive  evidences  of  any  faults.  The  same  irre- 
gularity may  account  for  the  various  levels  at  which  the  chalk  over- 
lies the  Lias  at  contiguous  points  in  various  other  places,  as  North 
Millington,  Nimbumholme,  Londesborough,  and  Goodmanham. 

Warter. — In  the  high  dip  to  the  east  of  the  beds  in  the  pit 
already  described  we  have  evidence  of  great  disturbance,  which,  as 
it  is  not  continued  across  the  valley,  must  have  been  bounded  by  a 
fault  going  south  and  probably  meeting  another  running  south- 
west through  the  village. 

South  of  Market  Weighton. — The  continuity  of  the  range  of  the 
Lias  is  broken  by  two  small  parallel  faults  running  W.S.W.,  the 
first  two  having  a  downthrow  on  the  north,  and  the  last  to  the 
south.  The  evidence  for  the  first  (at  Sancton)  is  the  sudden  change 
yf  dip  and  the  elevation  of  the  Lias  on  the  south  of  the  village ; 
or  the  second  (at  South  Newbald)  by  the  throwing  back  into  the 
lill  to  the  east  of   the  Oolitic  Millepore-beds  (?)   and  Xellowaj 
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rocks  (a  similar  phenomouon  to  that  At  Sanction),  and  the  oocor- 
rence  of  the  ironstone  nearly  opposite  the  Inferior  Oolite. 

In  the^Dides, 

The  WesUrdaU  fault  has  already  been  alluded  to  and  partially 
described  (see  p.  144).  It  runs  in  a  north-easterly  direction,  nearly 
parallel  at  first  to  the  strike  of  the  beds,  which  thus  appear  to  gradu- 
ally thin  out ;  but  it  continues  across  the  valley-end  and  through 
Castleton  Ridge  to  the  town  itself,  being  met  there  by  another  fault. 
Its  maximum  throw  must  be  the  whole  thickness  of  the  Upper  Lias, 
or  more  than  220  feet. 

The  Danby  fault  crosses  this  at  an  angle  of  about  60°,  running 
E.S.E.  Its  existence  is  rendered  probable  by  the  low  elevation  of 
Danby  Low  Moor,  and  of  the  Oolite  at  Ainthorp,  and  is  proved  by 
tracing  up  the  marr/a/t'^ittw-shales,  which  are  nearly  horizontal  in 
Mill  8croggs,  to  within  100  feet  distance  of,  and  less  than  20  feet 
below  the  alum-shale  at  the  south-west  side  of  Low  Moor.  Its 
dir^tion  is  further  determined  by  the  low  level  of  Aiuihorp  quarries. 
Its  maximum  throw  may  be  about  150  feet. 

The  strata  at  the  south  end  of  Bilsdale  are  cut  off  by  a  cross 
fault,  the  Oolite  to  the  south  of  Ewe  Cote  being  at  a  much  lower 
level  than  to  the  north,  and  the  same  sudden  low  appearance  of  rock 
taking  place  on  the  other  side.  There  is  also  a  small  one  near 
Malkin  Bower  with  a  downthrow  on  the  south. 

Bai&dale  a^id  adjoining  District. — The  EaisdaU  fault,  which  has 
a  general  course  of  W.  6°  S.  and  E.  6°  N.,  is  traceable  on  the  sur- 
face for  2 1  miles;  and  as  the  throw  is  considerable  at  its  last  appear- 
ance, it  may  be  inferred  that  its  actual  run  is  much  more,  perhaps 
not  less  than  5  miles.  The  dislocation  may  be  clearly  seen  in  Mill 
Lane,  above  High  Crosslets,  in  the  south-west  angle  of  Kaisdale. 
Near  the  gate  leading  to  the  farm  marr/art/^ftts-sandstones  are  ex- 
posed on  the  road-side ;  these  are  succeeded  by  shales  with  ironstone 
nodules ;  and  at  the  edge  of  the  moor  the  main  seam  crops  out;  and  a 
drift  put  in  not  far  off  leaves  no  room  to  doubt  the  horizon  reached ; 
moreover  the  jet-rock  is  worked  a  few  feet  above.  On  the  north 
side  of  the  road  oolitic  sandstone  is  in  juxtaposition  with  the  jet-rock 
and  ironstone  ;  and  the  downthrow,  which  is  obviously  on  the  north, 
is  calculated  at  160  feet.  Following  the  road  over  the  dividing  ridge 
into  Scugdale,  the  jet- rock  is  continuously  traceable  to  Bakes ;  but 
along  this  course  the  Oolite  is  brought  down  to  a  low  level  by  the 
said  fault,  so  that  the  outcrop  of  the  Upper  Lias  is  much  narrowed  at 
Rakes ;  the  fault  diverges  into  the  low  ground,  and  intersects  the  jet- 
rock,  which  is  thrown  about  75  feet ;  its  course  is  no  further  traceable 
in  this  direction.  To  the  east  of  High  Crosslets  the  dislocation  is 
not  actually  seen  ;  but  the  chief  observations  that  indicate  its  con- 
tinuation are,  the  outcrop  of  ironstone  and  overlying  jet-rock  at  Red 
Way  on  the  north  side,  and  those  of  the  jet-rock  at  High  West 
Cote  and  the  flaggy  sandstones  of  the  Middle  Lias  on  the  road-side 
leading  to  Stony  Intake,  at  considerably  higher  levels,  on  the  south 


210  THE  YDBJ^BHIEK  UASt. 

aide.    The  olitft  in  tlie  outc-rop  of  the  Oolite  is  not  so  marked ;  axid 
tli*^  throw  is  probably  about  100  feet. 

Waih-UUl  Fault. — This,  which  has  a  small  BOUtherly  throw, 
pasice  by  the  north  side  of  Wath  HiU,  and  converges  on  the  cast 
towards  the  liaisdalo  fuult.  By 'this  and  the  last  fault  a  eonsi- 
dcrable  wedge-shaped  mass  of  oolitic  sandstone  b  let  down  in  tho 
efiiitml  part  of  llaisdale*  The  interseeting  point*  of  the  fault  are 
eaaily  determined  by  the  shifts  in  the  jet-rock  near  StaindaJe  farm- 
stead on  the  west,  and  between  lied  Way  and  Cold -Moor  Cote  on 
the  east,  whilst  the  oolitic  outlier  of  Wath  Hill  is  seen  to  he  faced 
on  the  north  with  alnm-slude.  The  maximum  throw  is  on  tlic 
eastern  side  of  the  dale,  and  is  70  teet  j  at  StaindaLe  Farm  it  is  only 
about  25  loet. 

Another  small  fault  ia  indicated  by  the  shift  in  the  jet-rock  a 
few  yards  to  the  north  of  Slaindale,  which  haa  a  downthrow  to  the 
south, 

Facthj  Fmtlt  is  probably  terminated  by  t!ie  RaJiidale  fault,  on  the 
moor  between  Itaisdalo  and  Sen gd ale.  The  first  undoubt^xl  signa 
of  its  presence  are  in  the  upper  part  of  Snotterdale,  where  a  small 
inlier  of  aliim -shale  is  the  consequence  of  the  »outh-weat  downthrow 
of  the  Oolite*  In  the  north  of  Faeeby  Bank  the  alum -shale  nciay  be 
traced  till  it  abuts  against  Oie  oolitic  sflndstone  on  the  west ;  and 
the  shift  of  the  jet-rock  in  Fucehy  riantation  is  alao  clear ;  the 
throw  is  here  80  feet. 

In  Famdale,  near  Esk  House,  there  is  a  small  fault  with  a  down- 
tlirow  on  the  west- 

The  Basaltic  Dtxe. 

\ii  it  is  doubt  fnl  if  the  weU -known  btLsaltic  dyke  which  traTcrflcs 
Cleveland  in  a  north-west  and  south-east  direction  be  a  continua- 
tion of  the  Cockfield  Dyke,  in  the  county  of  Durham,  we  adopt  the 
name  of  Langbargh  Kidge  or  Dyke,  appHed  to  it  by  Young  &  Bird, 
from  the  prominence  it  assumes  in  the  vicinity  of  the  hamlet  of 
that  name.  It  here  protrudes  as  a  wall-like  mass  to  a  considerable 
height  above  the  low  plain  of  the  Lias,  and  originates  one  of  the 
most  picturesque  scenes  in  the  North  Biding,  especially  as  viewed 
from  the  south-west. 

The  dyke  enters  the  county  of  York  a  little  below  Yarm,  where 
it  crosses  the  Tees ;  it  is  not  traceable  on  the  surface  throughout 
its  course  of  30  miles,  and  abruptly  ends  at  Maybecks  on  Sneaton 
High  Moor,  no  traces  of  it  thence  to  the  sea-coast  having  been  dis- 
covered. It  is  nearly  vertical,  and  consequently  shows  little  devia- 
tion from  the  rectilineal  course,  which  is  W.N.W.  and  KS.E. ;  it 
is,  however,  shifted  at  a  few  places.  Its  thickness  at  the  quarries 
of  Preston  is  70  feet,  at  Langbargh  40  ft. ;  at  Egton  it  is  about  the 
same ;  but  at  Silhowe  Cross  it  is  diminished  to  about  30,  and  at 
Maybecks,  its  eastern  termination,  it  is  reduced  to  about  18  feet. 

The  thickness  of  the  Boulder-clay  covering  is  sufficient  to  account 
for  its  rarely  appearing  at  the  surface  in  the  valley  of  the  Tees ; 
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bat  at  coi-taia  other  localities  it  has  not  penetrated  the  superincum- 
bent rock  ;  it  has,  however,  generally  succeeded  in  reaching  to  the 
base  of  the  oolitic  sandstone,  and  in  parts  of  its  course  has  burst 
through  it.  Consequently  in  its  traverse  through  the  Liassic  strata 
we  have  the  best  opportunities  for  its  study ;  and  here  some  of  the 
effects  which  it  has  produced  upon  the  enveloping  rocks  may  be  best 
observed. 

The  whinstone  is  deposited  in  blocks  of  various  sizes  and  shapes, 
generally  oblong  and  transverse  to  the  dyke,  parallel  to  one  another, 
and  sometimes,  as  at  Cliff  Kidgc  and  Ayton,  assumes  a  rudely 
columnar  form.  The  rock  is  usually  compact  and  crystalline,  though 
it  is  not  uniform  in  its  qualities  ;  it  exhibits  in  the  recent  fracture  a 
rough  granular  surface  of  a  blackish-blue  colour,  but  often  quite 
black.  It  is  remarkably  hard,  and  is  extensively  quarried  in  several 
places  for  paving-stones  and  road-material. 

In  no  case  have  we  obser\'ed  any  dislocation  in  the  strata  through 
which  the  dyke  passes ;  and  we  have  no  unequivocal  proof  that  the 
several  shifts  in  the  course  of  the  dyke  have  been  produced  by  faults. 
Indeed  the  evidence,  though  scanty,  indicates  that  the  basaltic 
intrusion  was  subsequent  to  the  stratigraphical  disturbances  in  the 
Liassic  and  Oolitic  rocks. 

The  dyke  is  excavated  to  a  considerable  depth  in  the  (juarries  at 
Stainton  ;  and  its  easterly  extension  is  traceable  by  the  well-marked 
ridge  it  forms  thence  to  Sunny  Cross.  It  is  now  shifted  half  a  mile 
to  the  north,  and  is  seen  as  the  termination  of  a  slightly  elevated 
ridge,  which  comes  to  an  end  between  a  farmstead  a  little  north- 
east of  Nunthorpe  Bridge  and  the  highroad.  The  knoll  on  the  oppo- 
site side  of  the  road,  on  which  stands  Batty's  Houses,  may  be  formed 
by  a  boss  of  the  Whin  Dyke.  At  its  reappearance  in  this  vicinity 
it  undoubtedly  comes  through  the  Lias ;  but  no  actual  contact  is 
seen  till  we  enter  Nunthoq)e  quarries,  three  furlongs  to  the  east.. 
The  ridge  which  the  dyke  makes  has  a  north-west  and  south-east 
direction,  and  gradually  incrciises  in  altitude  above  the  Lias  plain, 
and  culminates  in  Cliff  llidge,  750  feet  above  the  sea-levol.  In  the 
Nunthorpe  (juarrics  the  very  nearly  perpendictdar  walls  enclosing 
the  dyke  have  the  slightest  declination  to  the  north,  and  the  breadth 
between  them  is  70  feet ;  but  here,  as  elsewhere,  lateral  bulgiugs  are 
observable,  which  give  an  exaggerated  thickness  to  the  dyke.  The 
effects  of  the  original  heated  mass  on  the  liassic  strata  may  be  well 
studied  in  the  road- cutting  entering  the  quarry  on  the  south  side  ; 
for,  excepting  there,  the  exposure  of  lias  is  limited  to  the  face  of 
rock  wliich  is  in  actual  contact.  A  simple  induration  of  the  calca- 
reous shales  is  traceable  for  from  6  to  12  feet ;  and  the  parts  in  con- 
tact have  been  quite  bleached,  and  the  ferruginous  ingredient  has 
been  aggregated  as  blotches  or  grains  ;  whilst  the  purer  argillaceous 
strata  show  little  or  no  change. 

From  our  sturting-point,  near  Nunthorpe,  the  dyke  has  a  straight 
course  of  nearly  1 1  mile  to  Dinglcdow  Quarry,  where  it  is  shifted 
70  feet  to  the  south,  but  in  a  few  yards  is  lost  beneath  the  Middle- 
Lias  shales.     It  reappears  on  the  east  side  of  the  railway,  and  in 
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its  original  course,  and,  rising  from  400  to  750  feet  elevation,  consti- 
tutes the  bold  ridge  with  an  almost  precipitous  face  on  the  south, 
which  forms  so  conspicuous  a  feature  in  this  district.  At  the  eastern 
extremity  the  dyke,  which  is  here  65  feet  thick,  passes  beneath  the 
lias,  the  annteZa^u^-shales  and  the  ironstone-seam  wrapping  around 
on  the  east  and  north.  The  alteration  on  the  Upper-Lias  shale  is 
barely  discernible ;  and  the  ironstone  is  not  at  all  affected  by  the 
dyke.  It  is  again  seen  at  the  surface  in  Slack's  Wood,  where  it  is 
quarried,  but  lifted  a  furlong  to  the  south  of  its  general  course, 
which  it  reassumes,  as  it  may  be  traced  along  the  road  leading  into 
Lownsdale  from  the  west.  At  the  entrance  into  Lownsdole  the 
dyke  is  not  at  the  surface ;  but,  from  the  altered  appearance  of  the 
sJum-shale,  it  cannot  be  at  any  great  depth.  Similar  indications  of 
its  immediate  proximity  to  the  surface,  and  actual  outcroppings,  lead 
us  to  within  a  few  yards  of  the  oolitic  sandstone  of  Coates  Moor, 
through  which  the  whinstone  has  not  forced  its  way.  On  the  south- 
east of  the  oolitic  escarpment  the  dyke  reappears,  and  tbence  follows 
a  straight  course  for  a  little  more  than  a  mile,  and  is  seen  for  the 
last  time  in  Eildalc,  in  a  plantation  between  the  railway  and  North 
Bank. 

It  emerges  to  the  surface  on  Commondale  Common  through  the 
oolitic  rocks,  and  is  traced  by  Scale  Cross  to  Park  Nook,  near 
Castlcton,  whore  it  is  worked  in  two  quarries,  reaching  the  surface 
through  the  Oolites.  Its  course  is  now  deflected  a  few  d^^es  to 
the  south  ;  and  it  crosses  the  Esk  twice  in  the  low  ground  of  Fryup 
End,  and  forms  a  slight  prominence  in  the  Oolite  to  the  east, 
where  it  is  quarried.  It  makes  no  distinct  feature  till  it  reaches 
Graisdale  End,  where  it  is  again  quarried  on  the  surface.  It  here 
bends  again  to  the  south  and  is  quarried  near  Egton  Bridge,  beneath 
Limber-Hill  Wood,  where  it  may  be  seen  in  contact  'iiith  the  alum- 
shale,  wliich  it  lias  simply  hardened.  It  is  not  fivon  again  till  we 
reach  the  Murk  Ksk,  where  it  again  traverses  the  alum-shale  on  the 
west  side  of  the  stream,  and  is  seen  in  the  oolitic  ironstone  on  the 
east  side  ;  throughout  the  remainder  of  its  course  the  oolitic  rocks 
form  its  boundary  walls  at  the  surface. 


ooNCLUSioxa  1^13 


CHAPTER  XX. 


COl^CLUSIONS. 


Hiving  in  the  previoua  chapters  given  all  the  facts  we  have  been 
able  to  collect,  we  may  now  profitably  consider  what  conclusions 
may  be  legitimately  drawn  from  them,  as  to  the  origin  and  natnre 
of  the  deposits  enumerated,  and  how  far  the  series,  as  developed 
in  Yorkshire,  may  be  considered  typical  for  the  rest  of  England. 

We  have  seen  that  the  whole  series  obtains  its  greatest  develop- 
ment in  the  north-western  extremity  of  the  area,  and  that  this  is 
especially  marked  in  some  portions,  as,  for  example,  in  the  iron- 
stone, and  that  the  decrease  from  this  point  is  pretty  regular. 
The  elevation  of  the  oolitic  overlying  rocks  is  therefore  due,  not 
only  to  their  having  been  uplifted,  but  also  to  the  thickening  of  the 
bods  on  which  they  rest. 

Are  we  to  suppose  that  the  Lias  extended  some  distance  to  the 
north-west  before  denudation?  or  that  we  are  near  it«  original 
termination  in  that  direction  when  we  last  see  it?  The  pheno- 
mena already  described  seem  to  point  to  the  latter  as  the  truth. 
Although  the  Lias  in  general  is  finely  laminated  and  varied  only 
by  doggers  or  indurated  bands,  yet  at  Redcar  and  the  surrounding 
countr}'  it  departs  largely  from  this  character,  and  shows  indications 
of  the  proximity  of  land.  Even  the  lower  parts  of  the  series,  the 
BucJdanfli'  and  angulatus-hodB,  are  less  shaley  than  they  are  else- 
where, and  are  therefore  composed  of  coarser  and  less-drifted 
material ;  and  the  same  may  be  said  of  the  other  succeeding  zones, 
until  we  come  to  that  of  Ammonites  margaritatus^  though  but  little 
is  seen  of  them.  The  last-mentioned  zone  heis  been  seen  to  contain 
numerous  sandstone  beds,  several  of  which  are  ripple-marked,  and 
therefore  formed  in  shallow  water.  These  conditions  have  been 
gradually  approached  in  the  mpricornus-ione  below,  with  its  nume- 
rous beds  of  oysters  and  starfishes.  The  sandstones  are  by  no  means 
a  limited  phenomenon  in  the  mar^aWto^utf-series,  and  seem  to 
show  that  throughout  the  whole  area  the  sea-bottom  had  been 
raised  by  deposition  or  otherwise  until  the  waters  were  very  shal- 
low. On  this  succeeded  an  uneven  depression,  affecting  most  the 
south-easterly  portion  of  the  area  under  consideration,  and  possibly 
connected  with  an  upheaval  of  the  land  to  the  north-west,  bringing 
the  shore-line  of  the  period  to  no  great  distance  from  what  is  now 
Eston  Moor.  In  the  «ptmiftw-beds  of  this  locality  we  find  the  rocks 
highly  oolitic,  and,  in  some  instances,  false-bedded — circumstances 
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rked  in  some  portions,  as,  for  example,  in  the  iron- 
tiat  the  decrease  from  this  point  is  pretty  regular. 
i  of  the  oolitic  overlying  rocks  is  therefore  due,  not 
having  been  uplifted,  but  also  to  the  thickening  of  the 
1  they  rest. 

suppose  that  the  Lias  extended  some  distance  to  the 
efore  denudation?  or  that  we  are  near  its  original 
in  that  direction  when  we  last  see  it  ?  The  pheno- 
'  described  seem  to  point  to  the  latter  as  the  truth. 

lias  in  general  is  finely  laminated  and  varied  only 
'  indurated  bands,  yet  at  Redcar  and  the  surrounding 
Nuts  largely  from  this  character,  and  shows  indications 
lity  of  land.  Even  the  lower  parts  of  the  series,  the 
dd  an^M/cr^M^-beds,  are  less  shaley  than  they  are  else- 
are  therefore  composed  of  coarser  and  less-drifted 
d  the  same  may  be  said  of  the  other  succeeding  zones, 
le  to  that  of  Ammonites  nuirfjaritatus,  though  but  little 
)m.  The  last-mentioned  zone  has  been  seen  to  contain 
idstone  beds,  several  of  which  are  ripple-marked,  and 
med  in  shallow  water.  These  conditions  have  been 
proached  in  the  c<ipricomu8-zone  below,  with  its  nume- 
ysters  and  starfishes.  The  sandstones  are  by  no  means 
icnomenou  in  the  marf/aritutus-Benea,  and  seem  to 
hroughout  the  whole  area  the  sea-bottom  had  been 
position  or  otherwise  until  the  waters  were  very  shal- 
is  succeeded  an  uneven  depression,  afibcting  most  the 
y  portion  of  the  area  under  consideration,  and  possibly 
th  an  upheaval  of  the  land  to  the  north-west,  bringing 
e  of  the  period  to  no  great  distance  from  what  b  now 

In  the  fjptno^^beds  of  this  locality  we  find  the  rocks 
I,  and,  in  SQ^^^^^oes,  false-bedded — circumstances 
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its  original  course,  and,  rising  from  400  to  750  feet  elevation,  consti- 
tutes the  bold  ridge  with  an  almost  precipitous  face  on  the  south, 
which  forms  so  conspicuous  a  feature  in  this  district.  At  the  eastern 
extremity  the  dyke,  which  is  here  65  feet  thick,  passes  beneath  the 
lias,  the  annulatussheilee  and  the  ironstone-seam  wrapping  around 
on  the  east  and  north.  The  alteration  on  the  Upper-Lias  shale  is 
barely  discernible ;  and  the  ironstone  is  not  at  all  affected  by  the 
dyke.  It  is  again  seen  at  the  surface  in  Slack's  Wood,  where  it  is 
quarried,  but  shifted  a  farlong  to  the  south  of  its  general  course, 
which  it  reassumes,  as  it  may  be  traced  along  the  road  leading  into 
Lownsdale  from  the  west.  At  the  entrance  into  Lownsdale  the 
dyke  is  not  at  the  surface ;  but,  from  the  altered  appearance  of  the 
alum-shale,  it  cannot  be  at  any  great  depth.  Similar  indications  of 
its  immediate  proximity  to  the  surface,  and  actual  outcroppings,  lead 
us  to  within  a  few  yards  of  the  oolitic  sandstone  of  Coates  Moor, 
through  which  the  whinstone  has  not  forced  its  way.  On  the  south- 
east of  the  oolitic  escarpment  the  dyke  reappears,  and  tbence  follows 
a  straight  course  for  a  little  more  than  a  mile,  and  is  seen  for  the 
last  time  in  Eildale,  in  a  plantation  between  the  railway  and  North 
Bank. 

It  emerges  to  the  surface  on  Commondale  Common  through  the 
oolitic  rocks,  and  is  traced  by  Scale  Cross  to  Park  Nook,  near 
Castlcton,  whore  it  is  worked  in  two  quarries,  reaching  the  surface 
through  the  Oolites.  Its  course  is  now  deflected  a  few  degrees  to 
the  south ;  and  it  crosses  the  Esk  twice  in  the  low  ground  of  Fryup 
End,  and  forms  a  slight  prominence  in  the  Oolite  to  the  east, 
where  it  is  qucuried.  It  makes  no  distinct  feature  till  it  reaches 
Graisdalo  End,  wbcre  it  is  again  quarried  on  the  surface.  It  here 
bends  again  to  the  south  and  is  quarried  near  Egton  Bridge,  beneath 
Limber-Hill  Wood,  where  it  may  be  seen  in  contact  with  the  alum- 
shale,  which  it  lias  simply  hardened.  It  is  not  seen  again  till  wc 
reach  the  Murk  Esk,  where  it  again  traverses  the  ahim-shale  on  the 
west  side  of  the  stream,  and  is  seen  in  the  oolitic  ironvstone  on  the 
east  side  ;  throughout  the  remainder  of  its  course  the  oolitic  rocks 
form  its  boundary  walls  at  the  surface. 
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CHAPTER  XX. 


CONCLUSIONS. 


HiTiNG  in  the  previoua  chapters  giyen  all  the  facts  we  have  boon 
able  to  collect,  we  may  now  profitably  consider  what  conclusions 
may  be  legitimately  drawn  from  them,  as  to  the  origin  and  nature 
of  the  deposits  enumerated,  and  how  far  the  series,  as  deyeloped 
in  Yorkshire,  may  be  considered  typical  for  the  rest  of  England. 

We  have  seen  that  the  whole  scries  obtains  its  greatest  develop- 
ment in  the  north-western  extremity  of  the  area,  and  that  this  is 
especially  marked  in  some  portions,  as,  for  example,  in  the  iron- 
stone, and  that  the  decrease  from  this  point  is  pretty  regular. 
The  elevation  of  the  oolitic  overlying  rocks  is  therefore  due,  not 
only  to  their  having  been  uplifted,  but  also  to  the  thickening  of  the 
bods  on  wliich  they  rest. 

Are  we  to  suppose  that  the  Lias  extended  some  distance  to  the 
north-west  before  denudation?  or  that  we  are  near  its  original 
tormination  in  that  direction  when  wo  last  see  it  ?  The  pheno- 
mena already  described  seem  to  point  to  the  latter  as  the  truth. 
Although  the  Lias  in  general  is  finely  laminated  and  varied  only 
by  doggers  or  indurated  bands,  yet  at  Redcar  and  the  surrounding 
country  it  departs  largely  from  this  character,  and  shows  indications 
of  the  proximity  of  land.  Even  the  lower  parts  of  the  scries,  the 
BucJcUtndi-  and  an^M?a^i«-bcds,  are  less  shaley  than  they  are  else- 
where, and  are  therefore  composed  of  coarser  and  less-drifted 
material ;  and  the  same  may  be  said  of  the  other  succeeding  zones, 
until  we  come  to  that  of  Ammonites  mart/aritatus^  though  but  little 
is  seen  of  them.  The  last-mentioned  zone  has  been  seen  to  contain 
numerous  sandstone  beds,  several  of  which  are  ripple-marked,  and 
therefore  formed  in  shallow  water.  These  conditions  have  been 
gradually  approached  in  the  eapricomug-zone  below,  with  its  nume- 
rous beds  of  opters  and  starfishes.  The  sandstones  are  by  no  means 
a  limited  phenomenon  in  the  marffaritatus- series,  and  seem  to 
show  that  throughout  the  whole  area  the  sea-bottom  had  been 
raised  by  deposition  or  otherwise  until  the  waters  were  very  shal- 
low. On  this  succeeded  an  uneven  depression,  affecting  most  the 
south-easterly  portion  of  the  area  under  consideration,  and  possibly 
connected  with  an  upheaval  of  the  land  to  the  north-west,  bringing 
the  shore-line  of  the  period  to  no  great  distance  from  what  is  now 
Eston  Moor.  In  the  spinatus-he^  of  this  locality  we  find  the  rocks 
highly  oolitic,  and,  in  some  instances,  false-bedded — circumstances 
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whicli  plainly  point  to  an  approximate  and  somewhat  precipitous 
shore.  Although  oolitic  structure  is  often  connected  with  the 
existence  of  coral  reefs,  the  debris  of  these  appearing  to  furnish 
most  freely  the  calcareous  mud  of  which  the  Oolite  grains  are 
chiefly  composed,  we  have  no  evidence  of  any  such  reefs  in  the 
neighbourhood,  as  during  Liassic  times,  in  Yorkshire  at  least,  the 
Madreporarian  fauna  was  a  very  limited  one  in  number  as  well  as 
species.  "We  might,  perhaps,  look  to  a  now  removed  Permian  reef 
to  the  north-west ;  but  in  the  absence  of  any  such  it  would  perhaps 
be  safer  to  doubt  whether  such  oolitic  structure  is  in  every  case  due 
to  the  proximity  of  a  reef.  The  oolitic  grains  are  not  now  calca- 
reous ;  and  it  is  by  no  means  certain  that  they  ever  were. 

The  var}'ing  conditions  under  which  the  upper  beds  of  the  Middle 
Lias  have  been  laid  down  is  very  well  shown  by  the  variation  in 
the  workable  ironstone,  and  in  the  substitution  for  it  of  greater 
thickness  of  shale  ;  and  if,  as  is  probable,  the  presence  of  the  iron 
is  itself  due  to  the  decay  of  vegetable  matter,  we  have  another 
indication  of  the  littoral  conditions  of  the  north-west  of  the  field. 

Although  the  shore-line  in  the  case  of  the  Yorkshire  Li:i8  is 
now  no  longer  to  be  seen,  we  have  in  other  parts  of  England  and 
Wales  specimens  of  the  actual  shore  preseiTed,  as  around  the  Man- 
dips,  in  Glamorganshire,  and  the  neiglibourhood  of  Bristol ;  and  in 
these  instances  it  is  proved  by  the  lifissic  strata  partaking  of  the 
character  of,  and  sometimes  becoming  almost  one  with,  the  rocks  on 
which  they  rest.  These  are  at  the  southern  end  of  the  range  of  the 
rocks  of  this  age ;  and  the  intermediate  portion  gives  no  such  indica- 
tion ;  so  that  the  appearance  of  the  same  conditions  at  the  northern 
extremity  is  inatructive.  However,  we  can  scarcely  say  that  tlie 
non-ferriferous  portions  of  the  spi naiux-heds  are  continuous  with  beds 
of  the  same  ap:e  through  Lincolnsliire  into  the  rest  of  Eiij^jland,  since 
wo  liMVO  aeon  that  in  tlio  southern  j)ortion  of  our  Yorkshire  aroa 
oolitic  conditions  arise  af^Jiin,  thouj^^h  in  a  minor  degree,  indicating 
at  least  i\  liraitatioii  of  the  (Jlevclaud  area  of  dei)o.sition. 

With  tlie  settiiig-in  of  tlie  Upi)or  Lias  wo  again  encounter  more 
open-sea  conditions,  introduced  through  the  inlermediatif)n  of  the 
**  grey  shales,"  an  eminently  transitional  set  of  beds;  andthojot- 
roek  and  alum-shale  present  us,  all  over  their  area  (►f  ooeurrence, 
such  a  marked  uniformity  as  of  itself  to  mark  the  remoteness  of 
any  disturbing  inlluence  (such  as  a  shore-line),  which  is  of  course 
confirmed  by  the  argillaceous  slialy  nature  of  the  deposits  them- 
selves. But  during  the  deposition  of  these  strata  ehanpres  were 
elsewhere  being  brought  about  which  at  last  aiVected  the  Yorkshire 
area — changes  which  a])pear  to  have  been  most  marked  towards  the 
east,  wluTo  they  were  foreshadowt^d  by  the  jnnnsls-hcih  and  sands 
of  Blca  Wvke,  but  which  elsewhere  came  as  it  were  suddenly  on 
the  area,  caused  the  denudation  of  some  parts  of  the  old  deposits, 
and  opened  up  the  Yorkshire  area  to  form  part  of  a  larger  one. 
Iliese  changes  were  appanuitly  accompanied  by  an  elevation  of  the 
sea-bottom,  since  in  the  Lower  Oolites  we  are  rapidly  introduced  to 
deposits  of  a  freshwater  character. 
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Tho  source  from  which  the  Liassic  materials  were  derived  is  to 
be  looked  for  in  the  north-west ;  and  perhaps  the  carboniferous 
series  of  the  Pennine  chain  may  be  the  most  likely,  aided  probably 
by  the  nearer  Permian  rocks — the  calcareous  portions  being  derived 
from  preexisting  strata,  and  not  originated  directly  from  organic 
life,  the  shales  being  derived  from  those  of  the  carboniferous  series. 

It  seems  probable  that  no  portion  of  tho  Liassic  beds  was 
formed  in  very  deep  wator,  but  that  even  the  shales  partook  of  tho 
nature  of  the  submerged  mud  flats,  the  doggers  being  precipitated 
carbonates  of  lime  and  of  iron.  The  p}Titous  doggers,  however,  are 
due  to  the  presence  of  some  animal  organism,  which  seems  in  almost 
every  case  to  have  determined  their  formation.  The  origin  of  the 
shales  themselves  is  a  difficult  (Question.  They  were  doubtless 
deposited  slowly,  as  compared  with  the  more  rubbly  and  calcareous 
strata ;  and,  of  course,  some  interruption  must  have  taken  place 
between  the  formation  of  each  layer  and  that  of  its  successor.  We 
can  scarcely  ascribe  their  separation  to  drjing  between  tide-marks, 
an  idea  which  ever}-  one  of  their  phenomena  would  contradict.  We 
may  8upj)ose  rather  that  the  supply  of  material  was  intennittent, 
and  that  in  the  interval  sufficient  vegetable  life  was  present  to  cover 
t'le  sea-bottom  with  a  uniform  carpet,  through  which  the  newly- 
brought  material  was  unable  to  pass  to  join  the  layer  beneath.  In 
many  cases  this  would  bo  supi)lemented  by  animal  life,  whose  remains, 
compressed  between  each  two  layers,  testify  to  its  abundance.  This 
view  of  the  formation  of  the  shales  derives  support  from  the  abundance 
of  bitumen  in  the  jet-rock,  just  as  we  find  it  abundant  in  a  different 
form  in  other  well-known  shales — though,  as  in  the  case  of  the 
alum-shale,  few  indications  of  vegetable  remains  may  now  be  present. 
It  is  only,  however,  in  the  alum-shale  and  jet-rock,  of  all  the  sub- 
divisions except  the  anr/ulatus-hcds,  that  these  occur. 

The  above  remarks  have  reference  almost  solely  to  one  portion  of 
the  area  which  is  embraced  in  our  account  of  the  Lias  of  the  county 
of  Yorkshire,  namely  that  portion  which  lies  to  the  north  and  west 
of  the  river  Derwent — that  is,  the  North  Riding.  A  careful  ex- 
amination of  the  facts  recorded  in  our  previous  chapters  will  reveal 
a  remarkable  difference  in  all  but  the  lowest  beds.  The  soft-clay 
deposits  of  the  Planorbis -zone,  and  higlily  calcareous  and  non-argil- 
laceous character  of  portions  of  that  of  Ammonites  anmdatuSy  the 
absence  of  shales  representing  the  oxi/notus-  and  Jamesoni-hedBf 
the  recurrence  of  the  oolitic  ironstone,  the  soft  clays  representing 
the  zones  of  Ammonites  annulatvs  and  commimisj  and  the  apparent 
absence  of  any  representative,  lithologically  at  least,  of  the  jet-rock 
— all  point  to  different  conditions  of  formation.  Shales  are,  indeed, 
known  in  this  area,  as  at  Hotham ;  but  they  are  much  more  the 
exception  than  the  rule.  In  these  respects  the  beds  here  agree  far 
more  with  those  of  Lincolnshire  than  with  those  of  the  North 
Riding,  and  indicate  more  continuous  deposition,  and  perhaps  a  pre^ 
dominance  of  animal  over  vegeta])le  life. 

We  thus  have  two  distinct  Liassic  areas  in  Yorkshire,  one  forming 
part  of  a  larger  area  to  the  south,  and  one  presenting  peculiar 
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features  of  its  own  and  forming  a  unique  whole — the  two  being  only 
connected  together  by  their  basal  portion,  the  Rhsetic  and  lowest 
Planorlns-hedB.  This  separation  of  a  Yorkshire  area,  begun  in  these 
early  Liassic  times,  appears  to  have  continued  throughout  the 
Jurassic  epoch,  being  exemplified  by  the  characters  of  the  Lower 
Oolites,  and  the  deyelopment  of  Corsdlian  and  Portlandian  strata. 

How  far,  then,  we  may  now  ask,  can  the  Yorkshire  Lias  be  con- 
sidered t3T)ical  for  the  rest  of  England?  Of  course  in  this  we 
refer  to  the  North  Riding,  the  Lias  of  the  East  Riding  being  too 
feebly  developed  for  such  a  purpose.  Does  the  fact  of  its  being 
deposited  in  a  basin  by  itself,  under  certain  conditions,  prevent  it 
being  so? 

The  conditions  referred  to  are  not  exceptional,  but  are  exempli- 
fied more  or  less  in  all  Liassic  localities :  the  general  character  of 
beds  of  this  age,  which  has  given  them  the  name  they  bear,  is  well 
illustrated  in  our  area.  If  we  seek  for  more  minute  lithological 
comparisons,  we  shall  find  but  few  localities  agreeing.  The  lime- 
stones vary  much  in  character  from  place  to  place ;  and  their  posi- 
tion in  the  series  is  not  very  constant :  where  it  is  most  so,  as  in 
the  Bucklandi-zono,  the  Yorkshire  beds  agree  with  the  rest.  The 
impregnation  of  the  beds  with  iron  has  no  connexion  with  their  age, 
but  is  an  accidental  phenomenon.  The  position  of  marlstones  and 
sandstones,  with  the  exception  of  the  general  observation  that  they 
lie  generally  towards  the  middle  of  the  formation,  is,  as  we  have 
seen,  very  variable.  The  shaly  or  soft  character  of  the  argillaceous 
beds  is  seen  to  be  dependent  on  locality.  The  Lias,  then,  as  a 
whole,  cannot  be  considered  tj'pical  in  lithological  detaUs  in  any 
one  district,  though  it  possesses  general  features  which  are  well 
represented  in  Yorkshire.  Its  great  thickness  here,  and  the  com- 
pleio  ropresontation  of  every  portion  in  one  form  or  another,  make 
the  Yorkshire  series  a  better  exemplification  of  the  whole  deposits  of 
the  period  than  can  he  found  in  any  otlior  locality:  and  on  this 
ground  alone  we  mij2:ht  claim  it  a*s  tyi)i('al  for  Eiif^land.  But  the 
groat  feat  ure  of  the  Liassic  l*eriod  is  its  palieontolo^ry.  The  marked 
restriction  of  certain  forms  of  life  to  particular  zones,  and  their 
uniformity  and  constancy  oyi.T  wide  areas,  have  lonji:  heen  remarked. 
No  one  can,  of  course,  expect  perfect  uniformity  ;  and  the  more 
distant  the  localities  the  less  marked  it  may  he.  The  extent  of  the 
restriction  and  its  nature  may  be  well  judged  of  from  our  previous 
pages.  It  is  exactly  of  the  same  nature  as  that  which  has  proved 
the  very  life  of  geolopry  :  only,  in  the  case  of  zones,  observation  has 
to  be  more  careful  and  detailed,  that  the  true  restriction  of  species 
may  be  perceived ;  and  it  is  then  seen  that  zones  represent  a  very 
real  fact,  however  difficult  it  may  be  to  account  for.  ^Ihe  fauna  of 
the  Yorkshire  Lias  is  a  fairly  fidl  one :  and  the  succession  of  the 
various  si)ecies,  their  range  and  restrictions,  may  he  traced  com- 
pletely, as  we  have  endeavoured  to  do,  through  the  whole  series  ;  and 
our  knowledp:e  of  the  Lias  of  other  part«  of  Cireat  Brit^iin  leads  us 
to  the  confident  belief  that  the  succession  of  life  will  be  found  to 
have  undergone  very  slight  and  unimportant  changes  in  going  from 
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one  end  to  the  other  of  the  kingdom ;  and  the  beds  exhibited  in  any 
locality  may  be  satisfactorily  correlated  with  the  c  ^rresponding  zone 
in  Yorkshire,  and  the  succession  of  the  zones  seen  to  be  the  same. 

If  this  be  the  case,  if  there  be  order  in  the  palaeontological 
features,  and  disorder  in  the  lithological,  if  the  succession  of  life  is 
uniform  and  constant  and  the  deposition  of  mineral  matter  varjring 
and  inconstant,  on  which  of  these  ought  we  to  found  our  classifica- 
tion? It  is  true,  we  have  no  proof  that  the  animals  of  a  zone  in 
one  locality  were  coeval  with  those  of  the  same  zone  in  another, 
though  the  succession  may  be  the  same ;  and  if  one  uniform  deposit 
were  to  pass  from  one  zone  of  life  to  another  in  its  course  across 
the  country,  there  would  be  some  force  in  this  objection.  No 
such  deposit,  however,  is  known ;  and  we  conclude  that  the  true 
method  of  division  of  the  lias  is  by  means  of  these  remarkable  life- 
zones. 

What  is  their  cause  ?  This  we  cannot  answer.  We  can  only 
say  that  since  there  is  no  observable  difference  in  the  mineral 
character  of  a  part  containing  a  certain  Ammonite  from  that  of  a 
part  a  few  feet,  nay,  a  few  inches  above  it,  to  which  another  is 
restricted,  the  change  of  life-form  is  not  due  to  the  surrounding 
physical  agencies  that  are  observable,  but  to  some  others  which  have 
left  no  indication  of  their  action.  They  were  causes,  too,  which 
acted  in  spiU  of  the  character  of  the  sea-bottom,  the  change  in  life^ 
forms  being  very  little  affected,  in  the  more  remarkable  instances,  by 
the  change  or  otherwise  of  the  matrix.  Ammonites  planorbis  in 
the  limestone  may  be  followed  by  A.  angulatus  in  the  clay,  or  vice 
verxd.  The  change,  too,  is  sudden,  the  arietan  Ammonites  come 
in  in  a  shoal,  certainly  not  modified  or  developed  from  others 
previously  existing  on  the  spot ;  but  whence  they  came,  and  how 
they  came  to  be  again  and  again  supplanted,  are  among  the  un- 
solved (jucstions  to  which  time  alone  can  give  us  the  answer. 

The  change  also  is  more  rapid  in  proportion  to  the  complexity  of 
the  organization — the  Cephalopoda,  which  stand  high,  being  much 
more  restricted  than  the  lower  forms,  the  Lamellibranchs  often 
having  a  wide  range,  as  will  be  noticed  in  our  subsequent  Tables.  It 
is  thus  that  the  names  of  zones  come  to  be  derived  from  their  Am- 
monites. 

But  it  may  be  objected,  of  what  practical  use  are  these  life-divi- 
sions ?  They  may  be  theoretically  interesting  to  the  biologist ;  but 
how  do  they  throw  light  on  the  geology  proper  of  the  district,  as 
they  are  confesfedly  independent  of  the  nature  of  the  matrix  ?  Our 
answer  is,  that  it  is  exactly  this  latter  feature  that  gives  them  their 
value.  Were  every  portion  of  the  Liassic  series,  or  any  other  series, 
clearly  marked  lithologically,  life-zones  would  be  of  biological 
interest  only ;  but  it  is  not  so.  Innumerable  have  been  the  mis- 
takes made  by  attempting  to  determine  the  horizon  of  a  bed,  even 
in  a  limited  area,  by  its  appearance,  especially  from  a  bore-hole, 
and  in  a  distnct  where  faults  prevent  arguments  for  stratigraphy 
being  available  ;  and  it  is  in  such  cases  that  the  knowledge  of  zones 
is  most  useful.     Nowhere,  except  in  the  case  of  the  coal-measures. 


218  TUE  YORKSHIRE  LIAS. 

is  this  more  important  than  in  tho  Lias,  whence  so  much  iron  is 
obtained ;  and  the  fossils  will  always  tell,  without  fail,  whether  we 
are  above  or  below  the  bed  we  are  seeking. 

We  find  it  necessary  thus  to  defend  our  method  of  classification, 
though,  as  is  well  known,  it  does  not  originate  with  ourselves,  be- 
cause there  is  somewhat  of  a  tendency  to  consider  it  not  well 
grounded  in  fact.  Our  pages  will  show  how  far  it  is  so,  and  will 
lead  any  one  to  see  that  its  value  is  not  really  decreased  by  such 
instances  as  Ammonites  margaritaius  occurring  in  or  above  the 
ironstone,  or  A,  Holandrei,  the  ally  of  A.  communis,  iu  the  zone  of 
A'  spinatus. 

The  more  important  points  with  respect  to  the  distribution  of  the 
fauna  will  be  pointed  out  in  connexion  with  the  Tables  of  fossils. 

On  comparing  the  lithological  features  of  the  Yorkshire  Lias  with 
that  of  other  districts,  we  notice  several  points  of  interest.  Though 
agreeing  in  general  character  with  the  Lias  throughout  England,  it 
is  remarkable,  in  the  first  place,  for  its  large  amount  of  indurated 
matter  in  the  shape  of  ironstone,  limestone,  or  sandstone,  which  may 
be  accounted  for  by  the  proximity  of  the  land,  and  which  has  doubt- 
less helped  to  preserve  the  western  escarpment  from  more  rapid 
denudation.  Again,  it  is  throughout  more  shaley  tiian  any  other 
Lias  series  known  to  us,  which  is  also  preservative  of  surface- 
features,  though  unfavourable  for  brickraaking,  and  for  the  preser- 
vation of  fossils.  '  Another  feature  is  the  great  abundance  of  doggers, 
or  large  lumps  of  clay  ironstone,  which  lie  in  regular  beds  at  nume- 
rous intervals,  and  make  excellent  lines  of  subdivision  throughout 
the  whole  thickness  of  the  Upix>r  and  Middle  Lias.  Such  doggers 
are  not  wanting  elsewhere,  but  they  are  not  so  regular  or  nume- 
rous. Lastly,  the  limestones,  such  as  they  are,  are  always  impure, 
and  there  is  not  a  limekiln  on  tho  whole  range  of  the  formation  in 
Yorksliire — thoutj:li  tlic  cement-stones  of  tlie  upper  portion  have?  been 
taken  away  for  the  purpose  of  being  burnt  for  lime.  All  these 
features  point  to  tlie  prevalence  of  tlie  coiiditiuns  which  we  have 
endeavoured  to  indicate  in  the  commencement  of  this  chapter. 

It  may  therefore  be  thought  strange  that  we  have  in  Yorkshire 
80  feehhi  a  representative  of  the  KhoDtic,  and  next  to  none  of  tlie 
elsewhere  almost  universal  bone-bed.  "which  have  been  generally 
(•onsi<lered  indications  of  shallow- water  deposits,  especially  when 
taken  in  conjunction  with  the  absence  of  the  Ce])halopoda  (Am- 
monites and  B  hmnifcs).  This  absence  is  as  much  to  be  not<}d  in 
Yorkshire  as  elsewhere,  and  tho  same  indications  (in  tlie  layers  of 
oysters  and  beds  witli  insects)  of  tlie  ])roximity  of  land  ;  but  the 
depression  was  probably  more  rapid  in  Yorkshire,  and  connecte<l 
with  anotlier  area  than  that  whicli  furnished  the  numerous  bones 
of  Aust  Cliff  and  other  RhaMic  localities.  Perhaps  we  might  also 
expect  tho  Uha^tic  beds  to  diminish  to  the  north,  as  we  have  to  go 
south  for  their  maximum  development.  Our  having  not  denoted 
the  lihnetic  beds  on  th(^  map  ])y  a  separate  colour  must  not  be  taken 
as  an  indication  tliat  we  take  them  to  l)e  merely  a  part  of  the  Lias. 
They  are  too  feebly  represented  to  make  any  sliow  on  the  surface, 
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and  too  seldom  exposed  to  give  any  indication  of  their  range  ;  and 
they  are  certainly  nwre  connected  with  the  Lias  in  Yorkshire  by 
their  common  fossils  and  general  appearance  than  with  the  Kenper, 
with  which  they  would  have  otherwise  to  be  combined. 

Since  the  first  part  of  these  pages  has  been  in  print  the  excellent 
memoir  of  Mr.  Judd  on  the  geology  of  Rutland  has  been  published 
in  connexion  with  the  Geological  Survey,  which,  by  describing  the 
development  of  the  Lias  in  that  county  and  its  continuation  into 
Lincolnshire,  fills  up  an  important  gap  in  our  knowledge  of  the 
formation,  as  may  be  seen  by  our  chapter  on  the  bibliography,  and 
is  of  special  interest  to  ourselves  in  connexion  with  the  present 
work,  as  describing  the  same  formation  in  the  county  nearest  to 
ours.  Mr.  Cross's  short  paper  on  the  geologj-  of  the  north  of  Lin- 
colnshire, which  gives  an  account  of  the  Lias  at  Erodingham,  and 
proves  it  vcr}'  conclusively  to  be  in  the  zone  of  A.  BncJclmidi^  and 
to  have  no  connexion  whatever  with  that  of  Cleveland,  has  also 
boon  printed.  In  his  memoir  Mr.  Judd  adopts  as  a  zone  the  horizon 
of  A,  semicosiatm  as  distinct  from  that  of  A,  BucMandL  In  Lin- 
colnshire, and  still  more  to  the  south,  this  appears  to  make  a  con- 
siderable feature  in  the  count r}' ;  so  that  it  may  be  there  worthy  of 
a  name.  But  to  make  use  of  such  a  term  for  Yorkshire  would  be 
to  ^e^'ive  under  another  name  the  zone  of  A.  Turner!,  respecting 
which  we  have  already  given  our  reasons  for  uniting  it  with  that 
of  A,  Bucl'Iandl,  at  the  same  time  noting  that  this  zone  is  separable 
into  three  divisions.  The  same  memoir  contxiins  a  defence  of  the 
practice  of  the  Geological  Survey  of  drawing  the  line  between  the 
liower  and  Middle  lias  above  the  zone  of  A,  caprU-omus,  on  which 
a  few  words  may  be  said.  The  arguments  are  three: — 1st.  That 
though  there  may  be  a  break  where  we  have  drawn  the  line,  yet 
beds  of  the  zone  of  A,  armatus  in  the  Midland  counties  appear 
to  contain  fossils  both  of  the  Middle  and  Lower  lias.  The  list  of 
ib.ftfjils,  however,  that  is  given  represents  the  ordinary  fossils  of  the 
upper  part  of  the  zone  of  A,  o.i*pu)iits,  especially  the  A,  gagattua 
and  Cardinia  ListcrL  ITie  association  with  these  in  one  place  of 
A.  armatus  (perhaps  from  the  top  beds),  which  always  occurs  at  the 
very  base  of  the  Middle  Lias,  is  not  to  be  wondered  at,  and  it  is  the 
only  evidence  given  of  the  mixture  of  faunas.  2nd.  That  it  is  im- 
jwssible  to  draw  a  line  in  the  midst  of  a  series  of  clays.  This  might 
be  an  argument  for  mapping  local  rock-beds  under  local  names  and 
the  rest  as  simply  Lias,  but  will  scarcely  justify  calling  beds  con- 
taining the  same  fossils  Middle  Lias  when  they  are  rocks,  and  Lower 
Lias  when  they  are  clays,  as  would  have  to  be  done.  3rd.  That 
above  the  zone  of  A.  caprico mus  Ammomtos  of  that  group  disappear, 
showing  a  remarkable  break.  This  is  doubtless  true  ;  but  the  group 
of  the  Arietites  are  as  remarkably  limited  to  our  Lower  Lias,  or  the 
extreme  base  of  the  Middle  (A.  tardecrescens).  We  must  still,  there- 
fore, maintain  that  the  classification  that  is  adopted  for  good  reasons 
abroad,  and  is  found  to  bo  most  consist-cntly  appliwible  in  this 
countr)',  and  to  stand  on  the  best  palffiontologicol  grounds,  is  the 
right  one. 
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Volt*u   PA               

^ MlllLetiiniH    RiftifO 

' 

Cerithitmi  stiiratiim    Mo&f^  ., 

# 

4 

ft 

ft 
ft 

ft 

ft 

Slntt^i,  Tate 

liiLrtHicuni    j^oorB    ,*  *.,*,,  ,^.^.l    .^ 

— — aiuidnliiie^t.ufii. /7crjn.  *.^..^.m.*... 

( 

CTh^intiitsia  transvprsw  SUlJt€   ,.,. 

ft 
ft 
ft 

# 

# 
ft 
? 

« 

♦ 
ft- 
♦ 

• 
ft 

:« 

ft 

' uiiinn£iLlnt&.  TefO *■*..<«*,»* 

^   csLP u iif^iiitiK.  jyOyh^j.    ...^. .«.««.»«»« 

foveolatA,  Yafe  .f....,,.,,-,*,,*,.,*. . 

ft 

TuniteUa  Bunkeri  Tam.  ,.*-** ,. , 

* 

ft 
ft 
f 
? 

ft 
ft 

Zenkent  Dk     ... 

TitAXcA  iiutn-urciidt^a.  7((^?       >■-..>.<..*. 

bULtrinoitlwi    Y  d' S 

NeritA  al^pirtlfltifl    Tate   ..<      .>.«..  - 

ft 

liittorina  A^uiornnta.  ^iinsi.  ..*.,.^., 

tt 
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I  1 

Lower,     j      Middle.      [  Upper. 


1^1 


ibis's 


f. 


I 


J. 


J.. 


I 


:i: 


.1. 


LitUrriua  clcTeUndit^a^,  Tafe.    .. 
Hjdrobja  dolidul^  Dkr^   ......... 

Bieaoa  QOHOy  Martm  * 

Bui^clus  elflgimft,  Miltiii.  ........ 

acumi£ui.tu9,  CA,  ^  J).    » . . . , 

imbricfttUBj  Sow?.   ..,....„.. 

GundryatiiUp  UOrh,  ...*.... 

undulitiij!,  PA*/.    . . . , , 

cing(^Ddue>  T'^^Hf........,.i*.. 

nireus,  I?'  OrA. 

ot>Mp©PiUfl»  Tb^e    ........... 

Pitonnelliis  aordidtia,  Tate 

FfaaMLanella  morencTana,  PUtie 

Turbotcauis,  TlitP.    

— ^-  iobrium,  Pfef/*............., 

Plulemoii,I?Or*. 

retlcuMuB,  Moore 

Wilsoni,  TqU 

— —  C7cilo3Uin]&,  Mvmt,  ........ 

— -  ktilnbrua,  StoUcMka 

Ua^fttuft,  Moore ..., 

aciculuflf  Siol.    ,.,.........„ 

Trochiis  redcareneiat  Tate     ..... 

— —  Fobiguft,  Taf^     .............. 

" —  tbetiH,  Miiost.    ...,,,..,..., 

Ditcoheli  x  1  iafti  bub,  Bkr 

—  fitriatiifl,  Pwf/ff  .** ,.,, 

MtnidaufliiR,  Tate. 

— —  Oppeii,  Martin. 

aratus,  2\jtA  ..,*<•..,... 

beUuliw,  Tai^ .,, 

EnoTnphaliw  minutui,  Sck^bkr 
Pleurotyomftria  concaTA,  Mariim 

obeftula,  Taf*., 

■  ■    -  ftlmilis^  Sotp.  ..,...,.,»„.,.. 
l«d«ria,  Tate * 

bwllica,  CA.  #  D 

■■  Hennocqui,  Terq ,„. 

— -  procfjra,  £>^jj/^£?w^.  ...,.,.... 
" — -  foveoljiU,  Dfd&nff.    *„...» 

helicinoidi^,  liUm.    ....... 

niiticR*  De^long.    , . . . 

j  ^—  undoBa,  iMslano.  ........... 

,  CiTplictiia  nuclfiifi,  Terq.  ...,..,, ,.,..,.. ♦ 

'  * — —  r(»tfllJieforroi».  2?Ar.   ..............A.. ...'  # 

'  fokrioidea*  Swic.   ...„.,,...  ....*.'......* 

[ cipansa.  Sow 


e: 


J 


I 


*! 


.p. » 


* 


I  I 
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THK   l'4JllXfilIlB£  UASw 


Low  ST. 


Midd]«. 


Upp«r.  I 


1 


S 


&^ 


-< -«il- 


<^ 


^^M 


CrypUea  ia  con sobrma^  7fl^#  , . , , , 
Antaeonina  fmgilis,  Dtmker  ,,.., 

ftmetmiHenaU,  Martin  ...*. 

margiamta.  Simp.  ..*.*.*..*. 

^-^  TlminstereHHiflj  j\fw>f«  ...m 

■  chrTJifllis,  late  ,^.... „*,,..- 

pulift,  £^orA#i?*.     

Dcntaliiim  etaleaftp,  Terq.  ^  P, 

Hmatalumf  TaU   ..*,„...., 

<- eLongntum^  Mii  n^L    .*...... 

— ^  pganteum,  PhUiips  ........ 

Tijiaateum^  Mo&r^   ^ 

ungiila,  Rtymrr  ,..„...*,.,., 

ftemiplicata,  MUtat.  »,...»,, 

Goldfusfli,  £fo»?»  -* *.., 

»  eport^Ua*  Dumortitr, 

' subauriculftria*  ITOrh.  „„, 

Gryphiieft  arcuata,  Lumk.  ........ 

* '  cpnbyum,  Lam^.  *.**- 

Aaoni m  aJ  pina,  Winkier   .„.*»,. 

^riatula^  Ojffp*^, .„,,»»..... 

'  nuuiiatDaliA,  Qu^tst.  *.,,.,*i 

Pectets  pollui,  D'  Orb 

a^quaJis,  $M^?M^., ,*♦.*,„ 

teitilift,  Nihist-.  ..,., , 

— —  t^jtoriuB,  &rAVA 

puTiqtaiiBflimoi,  $,„..,..»., 

<alyui,  Goidftt^s    

' lunularift.  Rtfm... ............ 

Thiollierei,  Dnmort. ........ 

- — -  lohbergpTiBi i,  Kmers,     ..... 

prisdus,  Scfdoth.    ...,. 

— —  iubgtriatuE,  Rvm,  ,,_...*.,. 

a^quiriLlria,  Sow.    ........... 

TeHiciUn*,  iSfo/..,., .......... 

— ^  pumiliM,  Lamk.    ........... 

-^ —  diBciformii,  Sehiibier    .,... 
Hinmt^  tumidua,  Ztd|„,..,,.„.. 

papyrooeufl,  Zut  ........... 

Lima jsjlgantea,  Sow. 

punct&tA,  Sow.  ............. 

Terqumni,  Tat^ ........... 

^—  Buccincta,  ScJkiofL     _..,.., 

h  ettAnpen«ia,  7h^ „ 

Dftctinoidea,  Sow ,... 

Hcrmanni,  VoUi ,.. 

^-^  euohapk,  1/ OrA.    ........... 
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UhmtUmroennUf  BesUmff 

Limea  BUkeftOA.  Tate  

at^'jLtieo«ta^  GoUj. 

. Juliana,  Dun* 

PlicAtula  liiLima,  T<rq 

ipinotB^  Sow 

calTtttiW..  

Aricu  1  a  Potteraoni,  2 ii^*    

Monotia  falkx,  Ffiiick^  ...,* 

inAquivalriB,  Sow.......... 

papjrin.  Qjentt.., , . . . 

caiv^  Scki6fA.   ............. 

— -  c/ptiipee,  Y.  #  B 

— —  »u DBtmt us,  Mtinsi,    ....... 

Cawianella  contort*,  Portlk.  .... 

Poii  dop  ^J^*  Bronni,  VoUs. , . . . 

G«p?illi»  IlRgeoovii,  PAt* 

eroSA,  ^in|>, 

Pemai  iarroliaaaicat  (S^u^'n^.     ... 

lugdunetidts,  DumofL    .... 

InofMrtimuM  pimi«foriniH,  Dkr.. 

jeniricotiaB,  Sow.  

Bubfltriatui,  MUtut.    

dubjufl,  &)w. 

Blmpftoai,  TaU  , 

cinctua,  Munst. 

PinaiL  Hortmannit  Zief. 

— ■ — foUuED,  Y.  ^  .ff^ ......,, 

iipathiil«ta,  Ta^e.. .,.., 

Mytilitt  ftTioth«nai«,  Biivig 

ModloU  minima,  ^^ficr. 

Imvim,  Sow. 

Hillatia,  Sens. 

hmaaoidim,  C.  ^  D.  

-^  bifaJinata,  jTdia 

»ealprumt  Soto.  ........ r.... 

nuinibaialiai  Opp^ 

TbioUifliwi,  Dum&rt*  ....... 

^  subcMicwUata,  Bu^ 

M»crodoii  hettangietUMi  Tfr^.  . 

- — —  naTiculua,  T.^P... 

puUui,  Ttrq.  .., 

jiiterm^iuf ,  Simp 

puleVjif'UaB,  TaU 

Backmani,  Rich 

— - —  ddrelandicus,  Tate    

CuoiUlea  Munsieri,  Ziet 

Nucula  DATif,  FieU«    

oordata.  GMf.  


Lower. 


Middle. 


Upper. 


«   * 


'i' 


.1. 


I      ! 


•1*1* 


« 


•8 


}  ? 
,.  # 


«  * 
#  # 

« 


.'.u! 
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THE  rOBKSHIBE  LIAS. 


Lower.  Middle.       Upper. 


.1 


,.l. 


J 


J. 


..I., 


I 


*l 


.L.I  , 


,.!...!...l., 


I 


.1 


J. 


M 


Leda  T-acripta,  To/f   

^  teitTjjiitA,  T.^P 

— — Benevjflri,  Ojtp,  ,,. 

' "  galniLtttt,  D'Orf},,. 

mbovdila,  (lo/f//    

H<'berti,  Martin 

Zietenij  Brmmj^..., 

minor,  ^mp 

fsrtn  pknatii,  G&ktf.    

— -  grapliicn,  Tate 

OTHli;!,  Sfrw.,,,  '... 

nqnilfitent,  K.  if-  D.  L. 

IVigonin  inodepta.  Tatt 

liniifOm^n^Ss,  J)/i>;^ ,., 

HteraU,  Y.  <f  B L 

Protocardium  Philippianum,  Dk !  « 

ozynoti,  Quetuf I ... 

tTuncatum,  Svv*. 1.., 

vubatriatulam^  /yOrh^    .., 

Lucina  limb.ita.  T.  4-  P... I.,, 

-""  cardinioidefl,  Tatt I.. 

pimiilft*  Mitnef, j.., 

UDiaTniiuro  cardiokde^.  PA i.. 

«iibglobo»rimt  Tatf 

;  TancTwlia  o^ntB,  Chap,  c^' J)nt^ ..J «| 

1 —     jtpicistriata, /fo/Zf    ...1...  ...  ♦  ' 

i  —    longicoBtata,  JBur ...' | 

i      -    lucida,  Ttrq I I 

I    -       broliensis,  Jtttv I i 

;—     -  dionvillensis,  7^^r<^ '...1..,'...  ...' 1 

Astarte  obnoleta, /y/r '«    «    «    « 

j —     Oppeh,  And  I  er   ...!...#       j 

\-     -  9lriivktNnl(*atfl,  ifirm 1. ..'...' 1...    » 

riii^tA,  QtnuAt I...;... 

'CardJtn.  lleberti,  J^ro    !..'...♦    « 

;—     miillkufitfllB, /M '...'...',........    « 

; Cardiuia  oyalis,  <S/'i«^(?A ...*    «       I 

; Deehajesi,  Terq »      | 

; Desoudini,  TVry ...L.  #      I 

\ craasiuscula,  Sow ...!...!##! 

i     -  -  Listeri,  &w i...  *    »   * 

I  -    -  windnnn,  *S^fc ' * 

—  -  att^'TiiiAijVT  *Sy«/rA I...' * 

--      audqufit  i'A//. ...; 

—  li^Tw.  r,  ^'B 

orniftiftsirafl  Sc?tt?  ...' 

C^pricardiA  rucii]  IntJi,  Miinsf I .     ^ 

Hippfiipfxliuiu  ponder»->hiim.  Sow .,.' #    «    «     « 


■  9 1 

•  I 


i 


I  I 
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Hippopodium  gigas,  Tate 

Myoconcha  incTusa,  Trrq 

nmionoii,  Qti€nst 

ciecontA,  Miinst,    

TeUiM  fkhalif.  Simp 

— — Utkgpnerai^  iMm 

Veiius  tetiiif*,  K.  kD 

Ispdonta  EwaldL,  Born 

Fboiulotn ja  gliibr?i,  Ay 

Fnuifli,  Oppd , 

decomtn^Zif^ , 

ftmbigu^  Bony 

— -^  Beyrichi,  ^S(?Won.    , 

— —  Suiipsoai^  Tal€ 

lujiab^  Simp 

— — -  Tetitrioosa» -d^/.    .,. 

Q^niomro  hpJ4?ropWpa,  Ag 

hvbnda,  MmkJft,  , 

Ghreislja  gaUthea,  ^^ 

Btrii^  Ag 

punctata,  Simp 

Seebachi,  Brauns, 

liiniilata,  I'ntf 

int^nn^ia,  Sifttp.    

donacjfomiia,  PA 

rotundata,  Pi. 

abdurta^PA 

PleuKimja  arowoombeuit  Moon 

^cnwia,  jl^,  ...., *„.*-.* 

Hasina*  ISchiihL .*..*. 

DiinkeKt  IWq.   

— —  OTata^  Rom.  ...,**  h  * .... , 

oostata,  Y.  #  B, .,.„.. 

^T^nMM^  Simp. 

mimdaK  ^<*'* 

— ^-  roluudata,  Ztet. .,.., 

bitiirniiio^a,  Tj*^*    ........... 

lequftliiH  rSVmp ,.,..... 

coRtmcUK  Simp 

ekemnt,  PA 

Areomjm  rMustat  PA. ,. 

eknigaU,  J?j>«>    ....... ,^..... 

hispida,  iSimp. ,.. 

BTOusea,  Siiioack.,. ..*... 

loDgm,  B%vw. 

- — eondima,  iu/te 

OergnijB  ^bboea,  Etktr 

petncota,  9imp.     ..„....,,. 

bombax,  Quenti 


Lower. 


1 


Middle. 

Ti 


Upper. 


.1  .L 


Jl    .. 

'*- !  s  it* 


M-i 


J.  I 


,  »  I  »  ■  *     * 


I  ..i 


I    I 


? 


1 


j.J 


I    I 


880 


«iftratft»  TVtf ,....,». 

Thnd&  GrotiAiu,  J^ri««Mfc ., 

g\a\m^Jff .>*,. 

auic«T»  »£«iucQla»  Thrq, 

^~-  f  *P'  '" **„..,....♦****-.*..* 

litigiiU ■aoculm,  €h,SIf. ,.«. 

— -^  JwDgoTicieiiBii,  ZWf.  ...*..* 

Disdiui  HoldJenit  T^o^    ......*•« 

^  reflex^  Sc»U7.   .,..*..* *.*» 

Sperifenna  roetrata,  &^  ,... .^ 

— ^  Walootti,  &».   !*,« 

oicjptcraj5«p.    »,..,.,,.,.p«,.... 

T(*BBOEi ,  Bamds^, , * , * . ...t* . . 

TerebratuU  pmictata.  Sow „» 

Waldheiinia  Barthaccnnfli  VOth. ,., 

— — rasupinaUf  Sew.«*,,. 

I^e«*ti  2?^.  „..,.,* 

Bh^chonetU  plicatitwima,  Qihih^. 

-^— cakiwata,  QumM *,.*.*,..*» 

taiiahedra,  Sew?.,.. *••.*. **»».,.., 

mbcontAumk.  Bav ..*.**** 

TaruibiliA,  Schhfh 

furoillata,  T^ieocf.    

' tituusa,  Thtod. 

Kulaerrata^  B&vidM.  ?  ........... 

acuta,  ihw.  „,..,, ,....♦,»... 

^^lineaU,  K#-^. 

camtulata,  Tait „„.. 

foaitiftlb,  Tir/e    „.*....„. 

Bouchardi,  -DaiTtdls,?..... . 

jurenBip,  Qumsi........... ........ 

Bup(»8titm  bn&cioide?,  Blskt    ...... 

CSuulioditea  mmor,  Bhii...... 

Bryon  Hartmanni,  Metier  ...., 

pBeudog]rpbi3^  Etalloni,  Opp 

■ hamifera,  Bi{ike... , 

Glyphffa  Terquomi,  OjPP- 

lyrica,  Siake ...,»* .. 

ErTAalftriB,  31^ 

BttSrdialiasiica,  Brodifi  ............... 

* diiperta,  5/ai# 

Iai]l7ma,  Blake 

redcarenai^  Blake ,,♦... 

clotigata^  Blake  .......... ,. 

Cjth«r«  flakei,  Jtm^ 


I 


I 


Lower. 


Middle.        Upper. 


-si-a  ic 
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I         Lower.     I      Middle,        ITpper, 


^T9 

3|B 


«  <  <  <  -4 


QjtLer«  Terqupminna,  JbAev 
— —  t  rianf^ilnt-n,  BltLke  ,*,,,, 

Mi>or^i^  Joii^j 

tmniluccnit,  Blake 

redcftrenirjiit  Bl4ik€ 

ArtHcforinU,  BUtkt ...... 

Qf  tberella  psiipcrculA,  ^i!ajti    , «.i..J..»  « 

crppldiiliL.  Blake. ^,^^,^ *,,,,*.  ......'  * 


circurascHpta,  B^ake  ....... 

Poljeope centflia,  ^W*  .......... 

Pol  li^ipffli  alat  uB,  Tait    . , 

G^IeoWni^  BoctaI)t»  Goldf.  ....... 

Serpula  df^QexA,  PA 

plicntiliflf  Qddf. 

UtrnformiA,  Muntt , 

— — -  limax,  Gel^f.  —  ......„.,,, 

DitTjpv  oap^tata,  PA.  ............. 

-globieeps,  Q^^T^t ♦«.*. 

cylindmc^a,  T.  ^  P.  ....... 

^ quinqupBulcBta,  Muntf. ..., 

elri^mata,  Taf£    .,...,.....,, 

ExiCftTAtin^  Annelid    ............. 

Cidark  £d wKrdsi  ^  Wrighi 

^ — amalthei^  Qu.  .,^....^„^,„,. 

Rbabdocidimji,  ftp.   .«.,,« 

HeRi  i  pod  in  a  Tomeflii,,  H^V. ....... 

PBeudodiadema  Slateri^  Blake  , 

Urnstjer  carinatus,  Wr.  .^ .,. 

Tropidasber  peciiniitiis,  Forhei  . 
Lujdia  MviTcniB'onii,  Wiliktm^m 
Plum Mter  ophi u roidea,  t^r.  .... 
AiLropecteQ  HwftingWE,  Forbes  . 
Opbioderraa  MiUeti,  Pk,   ....... 

QaTcji,  Wr.    ...„^.. ........ 

■ cariimta,  Wf.  .......^....t*,. 

Oph iolep Ja  Murra f i J,  Wr. ...,.., 
Opbturelk  coiumbat  Blaki  .... 
HolothuH&t  *p<  '-*.■...-■■■*■-*--- 
Pentacrinui  tiibercuktua^  MUl.. 

— —  peilonoti,  Qi*. 

bftSftltifortnia,  MUl.    ....... 

— —  Millcrii,  Ausf. 

BQalari§,  Goldf. 

•  ■■■      ffracjltA,  CharlesiB&rth    ...* 

mt«rbrachUta«,  ^Wf  .... 

Extracrinujs  ftubongubinB,  M^L. 

britJinnicui^  &A/.   ,.,.. 

- — '  dichotdmui,  M'C&tf  .*.*,.♦ 
MomtlJttlliA  H&im«i.  CX#  B. , 


J     L 


J    I 


I 


x\ 


•Eio 

I  ^  i 

-  i  i 


'-  -s-  '  , 


*v.t 


T^S  roBBJ»fii&E  hlMMd 


I 


wttttrnttw 


poljmorplui,  T,  ^  P:  **,„,, 
fl*plafiLpjBa  eatcftTftta,  Fr-um,  ,..♦,*, 
Siphoam,  ep,  ,,,..*..,.»,.,,„.,..,,. 
Onjclu  t  «9  au  mismaliB,  <^ti.    .«#..., 

Oornuipini  in:fimft>  SMck ,,,,^, 

litliok  Sebeik^rsei,  IT  Orb 

Troohamminu  irre>guLlaria,  IT  Orb,, 

inoerta,  D'Or?^  .*.,*„.,...„,, 

* inflata,  Morif. ....,,...,,., 

glcjb^U^  Blakt    *...,.»^,,„,.^, 

Logetm  k^viit  Mottf,   ,,,,. 
Catnip  ^My  ,. ,,.*.„ 

- — ofKta,  TVrj,    .* „, 

GlflJid  uliim  hum  Ui  9,  R&m , , , . , 

'  ouneiformis,  73pr^, ....... 

Bftuciootftft,  Rom,    ....... 

lingitlina  tenera,  Both*..,.... 

itriata,  BMe ,.,*>*,, 

Nodcuaria  radicuto^  t.    .,.*^,, 

— — raphanui>  X»  .»*.,-♦ , 

—  -  rnphnnbtt^uOt  X.    , , 

^"nitidn,  IT  Orb 

Dcntalina  oommunis,  DOrb. 

Breoni,  JVro.  .,.,......,. 

oligo^Legio^  list, 

plnnata,  Bl^k^   ......... 

pauporata,  If  Orb.  , 

™      tr^Tia,  n Orb.. ,.....„.,., 

penta^ona,  Terq ,,, 

- — -teota,  Ihrq.. .............. 

nodosa^  if  OrA ,. 

rooniliii,  Com,     ..,...^,^ 

glanduloaa,  Terq.  „..,, 

rapa,  1/Orb.   .,„, 

— —  Qbliqii^tnata,  Est, ...... 

-^^  fumcuioBR^  Tetq.    ...... 

burgundie^  Tfrq.  . 

— —  nomtnulina,  Gikmb.    ,.. 
Marginulina  rcTerM,  BliilM 

mphiiiiu»,  L. .., 

ptcta,  Ttr^.  ............... 

- — -^  ina^quiiitnata,  Terf.    „. 

—^ —  Romen,  /?«,   ,..,,, , 

-^ —  depreeea,  B/tik0  .>...„,, 
iimcostata,  Trrq.. ,.....,,. 


Lower. 


IfidiUe 


^M 
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MArgmulina  Paiilinea^  Tgrq . 

FUiiulari&  &rgittA,  Rst.  ......,>.......... 

Tagtnubn&  legiimeiii  L^  ^,.,«,, 4, ««.,,«.„, 

anomalii,  ^kAe  ..„„,„♦..♦„*,„„ 

Criflt«Uaria  piLuperata,  T.  ^P,  ..,,...*, 

recta,  D'Orb 

■   -     liiaJQr,  Born.  .,,..,♦♦,.,.,..*„....,, 

— —  nrepiduio,  F,  §  M....... .,*,.. ...... 

— —  Bronnii,  Mfym.    ........,...........* 

TftriftTiB,  Born 

globifera,  Blake 

' rotuliita.  Lam.    ,,. ..„,„„. 

Plabellina  rugoaa,  JfOrh^  ,..,..,... 

Fh>nd]culariit  cornpUnata,  Btf,.., .,,,,, 

li^nria,  Trrq. ...^. 

intumoscens,  Born^ .,.,. 

-Terquemi,  UOrh. „. 

iuJcaU,  ^orn..., 

nodcxsaHa,  Terq. 

Orthooerina  hficHngenaVs.  Giimhil.,.^,, 

rboraboidatitf,  Blake 

Pol jtDorphi  tia  f uHi  ro  rmift,  J?cim 

'  compreaaaf  I/Orh.  ,...,,...,,.....,.^ 

probleTna,  DOrb.   .................. 

nodoHariu.  i?aa. 

sirapiei,  T^q ..» „,... 

dii*tinctik,  Terq.  ,..,.,..„.... 

Orbulinii  uniTenm,  BOrh, ............... 

Text  ulari  a  agcl  utiuijus ,  D'  Orh. 

PulTinulinft  eTcgaoia,  UOrh. 

KonioniiiA  elcgaa*,  ffk*.    ...., „... 

PolTstomella  striatopiinctiiti,  F,  ^Jtf. 

N  ulliporitefl  f urcil  Iiii  u«,  Tat^, ,,..,, 

CliordophjUitt^  tnoalroflui,  TaH  .*..*. 
Eqtii&etitesi,  ftp.,  ?  liaeeicum  ............ 

Pecupteria,  ep. . ,. , , . 

Paohvnhjllum  p(?rBprmum,  Bter^„^. 

Pf^uce  HuttoaiaTia,  Wiiham  ,,,.,. 

Lindleyaaa,  Witham     ............ 


Lower.  Middle.        Upper. 


* 
»  « 


\l 


W, 


l:i 


An  analysis  of  the  foregoing  list  of  fossils  will  give  us  data  of 
considerable  value  for  estimating  the  value  of  the  zones,  and  the 
propriety,  from  a  pakeontological  point  of  view,  of  dividing  the  lias 
into  three  sections,  and  of  drawing  the  lines  between  them  where 
we  have  drawn  it.  Not  that  the  results  of  such  a  comparison  can 
be  absolutely  relied  upon,  though  perhaps  more  so  in  the  case  of 
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rocka  of  suth  vmiform  character  on  the  wboI<s  aa  tho  Liaa  than  in 
uny  other  caee  ;  nevertheleas  here  also  the  conditiom  of  deposit  aad 
preservation  are  largely  to  be  credited  with  the  cauBation  of  the 
restriction  of  epecies — aa,  for  instance,  the  fiflbee  in  tho  jet-rock,  tho 
etarfish^s  in  the  oyster- banks^  and  the  tnicroscopic  crustaceans  in  beds 
suitable  to  their  preservation,  Tet  we  must  not  escltide  one  form 
moro  than  another^  but  trust  to  the  aeveral  errors  due  to  this  cause 
cottntoratting  each  other  by  being  in  the  opposite  direction.  There 
are,  however^  thirty  recurrent  forms,  t.  e.  species  which  occur  in  two 
separated  zones  but  have  not  yot  been  found  in  the  intervening 
ones*  In  this  case,  if  th oy  are  not  to  bo  ibund  there,  we  may  leave 
them  out  of  consideration,  beeiiufle  they  tend  in  one  way  to  separate 
the  zones,  and  in  another  to  bind  them  together,  We  may  also  leave 
out  the  Foraminifera,  first  because  their  preservation  may  be  almost 
called  accident al»  and  secondly  because  from  their  low  organi;(ation 
they  are  exceptionally  persistent  and  do  not  participate  in  those 
changes  (in  such  limited  periods  as  those  represented  by  7.ones) 
which  affect  the  higher  forms  of  life.  We  may  also  leave  out  all 
formB  whose  position  is  doubtful. 
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iPable  ihowing  the  Specisi  peculiar  to  eadi  Zone  compared  with  thorn 
that  pats  from  one  Zone  to  the  ne^. 


Spedes  peculiar  to 


S 
I 
5 


•| 


Bhaetio 

Paasage 

Planorbis    

Pawage 

AneaUbtus   

Passage 

BucUandi   

Passage 

Oxjnotus 

Pa««g« 

Jamesoni 

Passage 

Caprioomus    0 

Passage 0 

Margaritatus '  1 

Passage '  0 

Spinatus  i  0 

Passage '  0 

Annulatus  0 

Passage 0 

Serpentinus    16 

Passa^ '  1 

Communis  {  9 

Passage i  0 

Jurensis  '  0 


-I 

i 


0 

0 

1 

2 
4 
3 

17 
5 

18 
1 

22 
4 
3 
3 
1 
8 
6 
2 
6 
2 

22 
7 
9 
1 

10 


0 

0 
2 

1 

7 
17 
14 

4 
2 
0 
9 
2 
1 
4 
4 
9 
11 
7 
2 
0 
2 
0 
1. 
0 
3 


"SIS 

Ji 


2 

4 

2 

6 

14 

24 

12 

16 

1 

14 

10 

24 

1 

25 

8 

32 

22 

12 

1 

0 

5 

3 

5 

6 

5 


4 

n 


0 
0 
0 
0 
0 

1 

1 

0 
0 

0 

4 
3 
1 
1 
1 
3 
6 
0 
1 
0 
0 
0 

1 
1 

2 


0 

0 
3 

5 
5 

13 
6 

4 
3 

2 

4 
5 
9 
4 
1 
4 
1 
0 
1 
1 
0 
0 
0 
0 
0 


s 


4 

4 

9 

15 

30 
58 
52 
29 
26 
17 

49 
38 
16 
37 
16 
56 

46 

21 

11 

3 

46 
11 

26 
8 

20 


On  examining  this  Table  to  see  where  the  greatest  breaks  occor, 
and  putting  down  in  a  line  the  numbers  representing  the  species 
which  pass  from  zone  to  zone,  as  follows, 

4,     15,    58,    29,     17,    38,    37,    56,     21,    3,     11,     8, 

we  notice  that  there  are  two  chief  minima,  namely,  the  17  between 
29  and  38,  and  3  between  21  and  11.  It  is  at  these  places  that  we 
have  drawn  the  lines  between  the  three  divisions  of  the  lias ;  and  it 
ia  plain  that,  if  the  series  is  to  be  divided  at  all  on  palsBontological 
grounds,  it  must  be  at  these  points.  Of  course  there  are  many 
other  ways  of  examining  the  community  of  the  faunas  which 
which  might  make  the  distinction  more  dear ;  but  in  no  way  could 
we  show  greater  community.  The  large  proportion  of  all  the 
common  species  is  made  up  of  Lamellibranchs,  which  have  the  widest 
range  in  time,  and  are  therefore  least  useful  as  guides  to  the  change 
of  fauna.  If  we  write  down  the  same  series  of  numbers  for  the 
Cephalopoda  and  Gasteropoda  only,  as  follows, 

0,     3,     20,     9,     1,    6,     7,     17.     9,    2,     7,     1, 
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we  tee  fha  same  minima  even  more  marked,  and  certainly  no  siga 
of  a  minimnm  afc  the  top  of  the  sone  of  A,  caprieomvB.  Also,  of 
the  fburteen  common  LamellibranohBy  fonr  range  through  six  or  more 
lones,  fimr  have  wider  ranges  in  the  heda  above,  as  against  two  that 
have  wider  ranges  below. 

Wi^b,  respect  to  the  junction  between  the  Middle  and  Upper  lias 
there  has  been  less  diflference  of  opinion;  and  we  need  not,  therefore, 
give  so  much  consideration  to  it ;  but  an  inspection  of  these  numbers 
will  also  show  why  we  have  drawn  l^e  line  on  palsBontoloi^cal 
grounds  above  the  grey  shales  rather  than  below  them  and  inune- 
diately  aboye  the  ironstone  as  has  usually  been  done,  and  as  we  are 
tempted  to  do  by  their  lithological  structure. 

Gbch,  then,  are  the  evidences  we  can  offer  on  paper  in  justification 
of  our  division  of  the  liassic  beds  of  YorkshireH— a  division  in  har- 
mony with  that  necessitated  by  the  same  fSicts  elsewhere.  But  these 
ikcts  are  ftlt  to  be  much  stronger  in  the  field  than  they  can  be  made 
on  paper— because  we  cannot  reckon  rarity  on  paper,  but  it  has  great 
influence  in  practice. 

But  we  must  make  our  Tables  yield  us  some  furCher  fiEU^,  first, 
wifii  respect  to  the  larger  subdivisions,  and  then  respecting  the 
lonea.    Taking  all  dasses  of  fossils  and  arranging  them  according 
as  they  are  coi^ned  or  o&erwise  to  one  or  other  division  of  l^e  lias, 
we  find  the  following  numbers : — 
Bpedes  peculiar  to  t^  Lower  lias,  102. 
Passing  from  Lower  to  Middle  Lias  (including  some  recurrent 
forms),  29. 
Species  peculiar  to  the  Middle  lias,  224 
Passing  from  Middle  to  Upper  Lias,  10. 
Species  peculiar  to  the  Upper  Lias,  114. 

One  species  (Monotis  incequivalvis)  passes  through  the  whole  range, 
from  the  lowest  to  the  highest  beds. 

We  have  thus  some  idea  of  the  necessity  for  a  division  at  all,  when 
we  compare  the  small  number  of  the  common  with  the  large  number 
of  the  peculiar  forms. 

Our  Table  also  gives  the  justification  of  the  use  of  zones ;  for  we  see 
in  it  the  large  number  of  fossils  that  are  peculiar  to  each, — not  neces- 
sarily always  large  in  comparison  with  the  passage-forms  between 
two  where  these  are  intimately  related  (as  in  the  case  of  the  zones  of 
A.  Bucl'landi  and  A,  angulatuSy  or  in  that  of  the  zones  of -4.  spinatus 
and  A.  margariiatus),  but  absolutely  large — any  zone  being  well  cha- 
racterized by  these  in  spite  of  any  doubt  that  might  arise  from  the 
occurrence  of  passage-forms.  But  if  we  examine  a  little  further  we 
shall  find  that  the  passage-forms  are  mostly  between  two  adjacent 
zones,  so  that  they  still  indicate  a  very  restnctod  horizon.  Thus,  of 
the  189  species  that  are  not  restricted  to  a  single  zone,  103  are  re- 
stricted to  two  only,  and  35  to  three,  leaving  only  51  out  of  the 
whole  number  that  have  a  wide  range ;  and  of  these,  14  are  remark- 
able as  being  limited  by  the  exact  limits  of  the  Middle  Lias,  and 
ranging  throughout  all  its  zones.  We  thus  see  how  large  a  majority 
of  fossils  have  a  smaller  range  than  through  one  division,  and  that 
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we  shoold  lose  much  accurate  knowledge  but  for  the  means  of  indi- 
cating smaller  limits  than  those  of  Upper,  Middle,  and  Lower  Lias. 
We  haye  some  confidence  in  submitting  these  pdaeontological  re- 
sult* as  representing  facts  of  nature,  and  not  mere  appearances  due 
to  the  gfreater  or  less  detail  with  which  certain  beds  have  been 
studied,  because  we  have  conscientiously  given  as  much  attention  to 
one  part  of  the  scries  as  another,  and  the  exceptionally  rich  faunas 
are  not  due  to  favourable  circumstances  for  examination.  Although  a 
careful  search,  such  as  that  to  which  we  have  submitted  every  bed 
in  the  series,  is,  after  all,  only  a  very  partial  affair,  considering  the 
vast  extent  of  the  beds  compared  with  their  exposures  on  the  sur- 
face,  and  we  must  be  prepared  to  find  that  gaps  in  the  succession  of 
species  will  be  continually  filled  up  as  different  parts  of  the  strata 
come  to  be  exposed,  still  we  may  reasonably  expect  that  this  will 
be  equally  the  case  throughout,  and  that  new  forms  peculiar  to  each 
zone  as  well  as  those  passing  from  one  to  another  will  occur,  and 
that  the  result  will  be  the  same  as  is  indicated  by  the  sample  here 
presented. 

Although  the  vast  iron  industry  developed  in  this  district  gives  a 
value  of  its  own  to  details  connected  with  its  supply  of  ore,  and 
though,  to  the  local  geologist  who  would  study  the  historj^  of  the 
formation  of  this  county  at  everj^  peiiod,  so  that  he  may  fully 
answer  to  himself  the  question  of  how  came  these  features  of  the 
scenery  to  be  formed,  and  to  what  former  features  have  they  suc- 
ceeded, our  statigraphical  details  will  be  of  assistance,  yet  from  a 
scientific  point  of  view  the  history  of  the  life  of  the  period  has  the 
greatest  value  to  the  general  geologist.  By  the  changes  in  form  in 
the  animal  kingdom,  far  more  susceptible  than  the  mineral,  he  must 
learn  the  past  history  of  the  more  tranquil  periods  through  which 
the  earth  has  passed  ;  and  it  is  only  by  accurate  information  that  w© 
can  be  safe  in  generalizations  that  shall  stand  the  test  of  time. 

In  conclusion,  we  would  recommend  the  district  which  we  have 
now  described  to  any  who  would  study  an  attractive  portion  of 
geology  in  the  field.  The  beautiful  shores  of  Robin  Hood's  Bay, 
with  the  lofty  but  grass-covered  Peak  Hill  in  the  south,  oflfer  to  the 
geologist  continuous  stores  of  interest  along  its  scars  when  the  tide 
is  out,  and  a  delightful  picture  when  it  is  in.  A  ramble  along  the 
wild  rocky  sides  of  tho  North  Cheek  to  Hawsker  Bottom  will  repay 
a  collector  and  charm  an  observer  of  nature.  A  visitor  to  the  scars 
at  Whitby  will  be  certain  to  encounter  some  one  (or  more)  tyro  col- 
lecting his  first  fossil,  where  there  is  an  unfailing  supply  ;  while  at 
tho  now  romantic  village  of  Staithes  he  will  see  the  very  model  of  a 
Yorkshire  fishing- village,  and  be  sure  to  hear  of  a  "  scale-fish  " 
{Lepidotm  semiserratm)  that  has  been  discovered  in  some  neigh- 
bouring jet-workings.  Nor  will  he  be  less  charmed  with  the  fine 
headland  of  Huntcliff,  whence  he  can  obtain  beautiful  microscopic 
Foraminifera.  If  he  would  visit  the  inland  valleys  and  find  himself 
amongst  people  and  in  places  seldom  seen  by  the  rest  of  the  world, 
he  will  find  them  well  worthy  of  his  journey,  though  he  must  be 
prepared  to  rough  it.    Standing  on  the  edge  of  one  of  the  intervening 
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moors^  the  whole  T&lley  tiea  like  a  picture  at  hiB  feet,  with  its  double 
Totkd  with  scattered  houses,  and  geological  features  aa  plain  aa  in  a 
models  ioevitahly  inviting  a  question  aa  to  the  history  of  its  denuda- 
tion, which  is  not  always  esisy  to  answer.  From  thence  it  is  but  a 
few  miles  to  far  different  ecenes,  where  miniog-^Ola^ea  are  sown 
broadcast,  too  reoont  to  posBe49a  a  name^  and  crowded  with  men  who 
eeem  scarcely  of  the  same  generation  as  the  dwellerH  in  the  scoluded 
valleys  amongst  the  moors.  To  scramble  along  the  rocky  gorgies, 
with  overhanging  trees  and  bubbling  stream  below,  or  to  jump  from 
block  to  block  beneath  the  lofty  and  sometimes  dangerous  clii^,  and 
to  meet  meanwhile  with  the  true  Yorkshire  type  of  men,  bred  on 
thetr  native  bills ^  are  pleasures  which  well  repay,  amidst  the  mor« 
arduous  work  of  accurate  observation,  the  out-door  student  of 

The  Yoekshibb  Lia** 


VIEW  OF  THE  BOCKS  AT  8TAITHB8,   LOOnNO  SOUTH 
(from  a  Photograph). 
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OEDEB  SAUROPTEHYGIA. 

GEMtIS   FLEaiOSAURPS, 

Plesiosaurus  homalospondylus,  Owm.  _ 

188S*    *  Pi* l«j uuttij^mtihioil  Socit+ty.     Foseil  Kt' ptdia  of  the  Li ae, '  p] ^  t,-^Ii» 

1875.     Pliillips.    '  Geol  of  Yorkflbire;  3rd  eiiit.  p.  212  (80). 

This  fully  illustrated  apecieej  characterised  by  its  long  neck,*! 
small  head,  high  cervical  flpinee  and  flat  vertebrBD,  ifl  kijowii  byj 
Bpecimens,  u early  complete,  in  the  British  and  York  MufleumH|*l 
and  by  portions  of  the  skeleton  also  at  Whitby. 

Oeologkal position. --Zone  of  A.  comfnufm^  Whitby,  _ 

Plesiosaurus  macropterus,  Seeleif. 

1865.      N^Efky.    '  AitDalA  of  N&L  Hint.,*  Hrd  «eJ76B»  toL  x¥.  p.  511. 

This  ha?*  not  been  figured  nur  described  in  full  detail.  It  is 
labelled  in  the  Cambridge  Muaeuua  P.  fjraneUpenni^.  It  diflfere 
from  the  last  in  its  slightlj'^  longer  neck*  and  in  the  shapes  of 
the  humerus  and  femur. 

Qe4)logical  position^ — Zone  of  A*  eommtmis^  Lofthouse, 
There  is  in  the  possession  of  Mr*  Brown -Marshall,  of  Whitby^J 
a  Plesiosaur,  nearly  allied  to,  if  not  identical  with,  the  abova*^ 
Its  head  is  9i  inches  long,  and  the  neck  is  6  feet;  the  total 
length  being  16  feet  2  inches.  The  vertehrro  are  more  numerous 
than  in  P,  maeropisruB ;  and  the  humerus  is  not  m  broad  at  the 
dLstal  end,  being  12  inches  long  by  only  *ii  broad  disfally,  and 
3^  proadmally.  The  femur  ig  a  little  shoiter  and  narrower 
proximally,  but  broader  (6^  inches)  distally.  The  radius  and 
ulna  are  of  peculiar  shape  (PI.  I.,  fig,  8).  The  inierest  of  the 
speoimen,  however,  lies  in  me  fine  preservation  of  ite  pectoral 
bones  (PI.  I.,  fig.  7).  The  coracoids  are  nearly  quadrilateral, 
and  the  precoracoid  foramen  is  made  entirely  by  them.  The 
species  therefore,  whatever  it  is  (and  unfortunately  neither 
P.  homalospondylus  nor  P.  macropterus  have  yet  exhibited  their 
pectoral  arches),  must  belong  to  Mr.  Seeley's  genus  Eretmosaurus, 
Should  the  pectoral  arch  of  P.  macropterus  be  found  to  differ,  or 
the  above  indicated  characters  be  considered  sufficiently  dis- 
tinctive, I  would  suggest  the  name  P.  dubius. 

Plesiosaurus  Cramptonl,  Carte  and  Batley. 

1862.  *  Brit.  Assoc.  Reports/  p.  68. 

1863.  *  Joarnal  of  Eoyal  Dublin  Society,*  vol.  iv.  p.  160,  pi.  v. 

1874.  Bhomaleosaurui.  Seeley.    *  Quart.  Journ.  Geol.  Soc.,' vol.  xxx.  p.  448. 

1875.  Phillips.    *  Geol.  of  Yorkshire,'  3rd  edit.  p.  272  (80). 

Syn.     1845?    P.  macroeephalw,    Charlesworth.    '  Brit.  Asaoc.  Bep./ p.  49. 

This  also  is  a  complete  skeleton,  having  a  much  larger  head, 
viz.  ^  of  the  skeleton,  and  f  of  the  neck  [the  drawing  gives  a 
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smaller  proportion  to  the  bead].  The  total  length  is  22  feet 
5  inches. 

As  the  Journal  quoted  above  is  not  very  accessible,  it  may  be 
well  to  note  the  chief  characters  of  this  species. 

The  skull  is  broad  behind  (1  ft.  lOj  in.),  gradually  narrowing 
to  6  inches,  and  has  a  length  of  3  feet  4  incncs.  The  parietal  crest 
is  elevated  (13  inches),  but  the  whole  is  rather  depressed.  The 
temporal  apertures  are  large  (13  in.  by  8  in.)  and  subquadrate. 
There  is  a  small  foramen  behind  the  orbits  in  a  median  line 
(1^  in.  by  f  in.) ;  Gi  inches  in  front  of  this  is  another  narrower 
(2  in.  by  §  in.),  just  behind  the  nasal  apertures.  Orbits  oblique, 
8ub-triangular  (6J  in.  by  4  in.) :  nasal  apertures  ovoid,  each 
li  inch  from  the  median  line;  f  inch  in  front  of  the  orbits, 
they  are  2  in.  by  1  in.  Muzzle  slightly  enlarged  and  rounded ; 
the  premaxillaries  rough.  Teeth  irregularly  arranged;  100- 
120  in  alL  Cervical  vertebras,  27  in  6  feet ;  dorsal,  30  in  8  feet ; 
caudal,  34  in  5  feet  6  inches.  The  neural  spines  aie  very  erect, 
and  do  not  overhang  the  succeeding  vertebrae.  The  centra  are 
narrow  (half  their  height),  and  not  very  concave.  The  cervical 
ribs  articulate  by  two  £Eicets.  The  extremities  are  each  about 
5  feet  in  length.  The  femur  is  more  expanded  at  the  distal  end 
than  the  humerus,  and  the  tibia  and  fibula  are  larger  than  the 
radius  and  ulna.  The  ulna  and  fibula  are  not  reniform,  but 
resemble  the  radius  and  tibia.  There  are  only  3  carpals  or 
tarsals  in  a  row  and  four  digits  on  any  hand.  This  latter 
character  Messrs.  Carte  and  Bailey  regard  with  doubt,  thinking 
the  fifth  finger  may  have  been  lost  in  setting.  This,  though 
not  impossible,  is  not  very  probable ;  and  Mr.  Seeley  legards 
it  as  sufficient  when  associated  with  the  other  charaoteis  to  form 
a  new  genus.  1  have  not  adopted  these  genera  in  the  names, 
for  the  simple  reason  that  I  think  it  unadvisable  to  do  ho 
on  my  own  authority  in  a  work  not  specially  devoted  to  the 
subject. 

Geological  position. — Zone  of  J.,  communis,  Kettleness. 

Plesiosaurus  propinquus,  Spec.  nov. 
n.  II.,  fig.  1. 

Syn.  1863.     Marrocephalus  f    Bailey  and  Carte,  loc.  eii.  p.  1G9. 

This  species,  the  relative  size  of  whoso  Ijoad  is  not  very 
diflferent  to  that  of  P.  Cramptoni  or  P.  macrocephalus,  is  proposed 
to  be  founded  on  the  s^Hioimen  exhibited  under  the  latter  nauit^ 
in  the  Whitby  Museum,  but  to  which  it  does  not  correspond  in 
characters.  Its  length  is  15  feet,  of  which  its  head  to  the  arti- 
culation occupies  less  than  -J,  and  is  about  ^  the  neck.  There 
are  25  caudal  vertebras,  occupying  4  feet  2  inches;  23  dorsal, 
occupying  4  feet  0  inches;  and  35  caudal,  occupying  4  feet 
4  inches.  I'he  point  of  division  between  these  regions  is  not 
very  certain,  but  the  dorsal  is  taken  at  a  maximum.     So  far  this 


specimen  might  belong  to  P.  maerocephaiu^ ;  but  the  cervical 
nenral  epiiies,  flioiigh  not  very  well  exhibited,  certainly  do  no* 
show  that  oontiniiQtiB  wall  of  bone  which  is  character istic  of 
that  apeoiea-  The  head  is  triangular,  3,^  inches  in  the  snoot 
and  16  inches  aeross  the  parietal  eroet.  It  i»  not  very  elevated 
IB  the  centre,  but  the  height  cannot  be  me^jsured.  Tlie  Rkiill  is 
broken  behind  the  orbits ;  the  anterior  margins  of  these  are  a 
little  less  than  4^  J  he  lengih  of  the  sknll  from  the  snout  (their 
centres  are  j\  of  the  Bknll  from  its  anterior  end);  they  nre 
ovoid T  4^^  in,  by  3 J  in-,  and  have  an  interval  between  them  of 
3  inch 68,  FroiD  the  front  of  these  the  outline  is  quite  straight 
to  the  snout  The  nasal  apertures  are  small  and  elongate,  sepa- 
rated by  1  inch  from  the  orbita,  and  have  a  median  foramen  jnst 
behind  them. 

The  vertebras  ar©  not  sufficiently  cleared  for  description,  but 
they  are  not  bo  oompressed  as  in  P.  Cramponi  or  P.  macro- 
eephalue.  Thirteen  long  ribs  are  shown  on  one  side,  two  of 
them  are  lo^it  on  the  other  side. 

Of  the  pectoral  arch,  the  scapula  and  curaooid  are  well  di«- 
plajed.  The  fonner  ia  abmt  7  inches  long,  and  is  broader  inside 
(3  inches)  than  at  the  articulation  for  the  humeruj^  (24  inches). 
It  is  spat  a  late  at  the  broader  end,  oval  in  section  at  the  other. 
The  coracoid  is  a  large  bone,  like  a  hatchet-blade,  with  a  curved 
border,  flattened,  and  almost  emarginate  in  the  middle,  where 
also  the  bono  is  thickest-  Ita  greatest  antero-poaterior  diametar 
is  14  inches,  and  transverse  9  inches.  It  is  more  rounded  in 
front  than  behind,  where  it  is  pointed. 

The  humerus  is  a  moderately  large  bone.  s\ipporting  a  large 
paddle;  it  is  12  inches  lorjs^.  The  nnti?riar  margin  is  almost 
straight,  and  the  posterior  only  slightly  concave.  The  distal 
margin  is  very  slightly  angular ;  the  smallest  breadth  of  the 
bone  is  3i  inches,  the  greatest  6  inches.  The  radius  and  ulna, 
which  articulate  to  the  two  flat  surfaces  on  the  humerus,  are 
similar  shaped  bones,  both  being  narrowest  in  the  middle  ;  the 
radius  is  the  broader  bone.  The  length  of  both  is  5^  inches ; 
but  the  radius  is  3i  inches  in  the  centre,  and  the  ulna  only 
2^  inches.  The  ends  are  not  much  broader,  but  the  ulna  in 
most  concave.  The  curves  on  each  side  of  both  bones  are  alike. 
There  are  7  carpals — 3  in  the  first  row,  4  in  the  second— of  a 
ciroolar  outline.  The  metacarpals  are  5  elongated  bones,  all  on 
the  same  level :  the  first  supports  2  digits  (the  last  curved  and 
pointed) ;  the  second,  6 ;  tiie  third,  8 ;  the  fourth,  7 ;  and  the 
fifth,  5.  The  whole  length  from  the  proximal  articulation  of 
the  humerus  is  3  feet  8  inches.  This  is  the  only  paddle  pre- 
served. 

Of  the  pelvic  arch,  the  pubis  is  a  trian^lar  bone,  with  one 
end  tnmed  up  at  right  angles,  and  mucn  thickened  for  the 
articulation  of  the  femur ;  it  is  much  smaller  than  the  scapula. 
The  ilium  is  narrow  at  one  end  (?  seen  in  seotion),  and  swells 
to  a  large  articular  surface  at  the  other,  and  has  a  length  of 
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8+  inches ;  another  narrow  bone  may  represent  the  ischium  seen 
in  its  breadth. 

The  femur  is  about  as  long  as  the  humerus,  and  of  a  some- 
what similar  shape ;  but  both  margins  are  equally  concave,  and 
the  distal  end  is  uniformly  rounded. 

From  this  description  it  will  be  seen  that  this  fossil  differs 
from  P.  macroc^halus  in  the  details  of  the  cervical  vertebrae, 
the  shape  of  the  humerus  and  the  ulna,  in  having  seven  carpal^, 
in  the  number  of  phalanges  in  the  digits,  and  slightly  in  the 
general  proportions  of  the  bones.  Its  differences  from  P.  Cramp- 
iani  have  been  pointed  out  partly  by  the  founders  of  that 
species,  and  they  may  be  ascertained  by  a  comparison  .of  the 
descriptions. 

In  the  *  Report  of  the  Yorkshire  Philosophical  Society '  for 
1852,  it  is  stated  that  this  specimen  has  been  called  P.  hrachy^ 
spondylus  by  Professor  Owen — a  proof  of  his  recognition  of  its 
distinctnesH,  though  the  name  is  entirely  a  MS.  one. 

Geological  position, — Zone  of  A.  serpeniinua,  Whitby. 

Plesiosaurus  Zetlandi,  Phillips. 

VI.  L,  fig.  5. 

1852.  *  Report  of  Yorkshire  Phil.  Soc.*  (name  only). 

1854.  „  ,,  „         „ 

1858.  Owen.    *  Report  of  Yorkahire  Phil.  Soc.'  (name  only). 

1863.  Carte  and  Bailey,  loe.  cit.  p.  169. 

1875.  PhUlipB.    *  Geol.  of  Yorkshire,*  3rd  edit.  p.  272  (80). 

The  only  description  that  this  remarkable  species  has  as  yet 
received  is  the  short  notice  in  the  'Yorkshire  Philosophical 
Society's  Keport '  for  1854,  that  **  in  P.  Zetlandicus  (Phillips)  the 
head  is  the  most  bulky,  and  the  neck  probably  the  shortest,  of 
any  known  species ; "  and  the  table  of  measurements  inserted  in 
Messrs.  Bailey  and  Carte's  Paper  for  comparison  with  P.  Cramp- 
Umi.  I  add  here  a  few  particulars,  but  must  hope  the  species 
may  sooner  or  later  receive  complete  illustration.  It  is  founded 
on  a  specimen  in  the  York  Museum. 

The  animal  has  a  total  length  of  about  19  feet,  and  the  lower 
jaw  t.ccupies  3  feet  6  inches  or  about  ^  of  the  whole.  Its 
neck  is  4  feet  4  inches,  or  only  about  |  of  the  head,  and  con- 
tains 26  vertebrse ;  the  dorsal  region  has  32  in  a  length  of 
0  feet,  and  the  caudal  42  in  6  feet  2  inches.  The  skull  has  a 
lofty  and  stronj^  parietal  crest,  8  inches  above  the  base,  and 
15  inches  broad  behind.  The  orbits  are  large,  3  inches  in 
diameter;  their  anterior  margins  11  inches  behind  the  sn(»ut; 
their  centres  being  thus  at  more  than  half  the  distance  between 
the  snout  and  parietal  crest  from  the  latter.  The  nasal  apertures 
are  H  inches  in  front  of  the  orbits,  and  are  moderately  large. 
The  ant  orbital  and  post-orbital  foramina  on  the  medial  line  are 
both  observable.  The  snout  is  6  inches  across;  the  teeth  are 
large,  mor(i  than  2  inches  of  them  being  visible* 


The  cervicjii  vertabno  um  almost  elongated  (2  molie»  fmm 
f before  behind);  tliey  aix?  mncli  bent,  but  well  displayed.     The 
neural  Kpinee  are  modemtely  long  (2  inclies}^  and  Tery  niucU 
overlap  the  succeeding  vertebra. 

The  lirnb-benes  ore  very  Itirge,  but  not  many  are  preserved, 
Tbe  humerufi  ia   20  inohes  Jong,  it  has   a  peculiar  ftbapo ;   the 
anterior  side  is  slightly  concave,  but  itudt^  diHially  in  a.  gentle 
carve,  which  is  not  produced  forwards.     The  poetenor  margin  m 
very  concave^  by  reason  of  the  distal  end  being  very  far  pro 
rduced  back  wards  i     Its  breadth  here  ie    9^   inches,  and   at  ila 
raroximal  end  is  4^,     The  radiuii  is  i-ather  larger  than  the  idoa* 
and  haN  itw  inner  angles  prominent;  the  ulna  is  reniform-    There 
are  three  car  pa  la,  of  which  the  two  anterior  are  irregularly  cir- 
cular, and  the  pcjsterior  is  oval  ( longest  across  the  limb).     The 
[lemur  is  as  large,  and  somewhat  of  the  same   shape,  m  the 
humerus,  but  not  so  expanded  distal  ly. 

A  comparison  of  these  chajactf^rs  shows  that  it  differs  fmrn 
P.  Craffiptofiij  its  nearest  ally,  in  having  its  head  larger  in  pro- 
portion to  the  body,  hut  narrower  behind,  and  flatter  in  propor- 
tion to  its  length,  and  in  the  greater  si»e  and  dl  liferent  shape  of 
the  humerus  and  the  ulna,  besides  minor  details. 

This  must  have  been  the  most  formidable  imd  voraeion«  of 
the  Plesiosaurs,  it^  huge  teeth,    head,  and  limbs  rendering 
capable  of  tackling  very  large  prey. 


Flesfosaams  longirostriSy  H^  nov. 

PL  III.,  ^g.  2;  PI.  I.,  fig.  6. 

This  is  founded  on  a  specimen  in  the  possession  of  Mr.  Brown- 
Marshall,  the  well-known  fossil  collector  of  Whitby,  which  is 
in  a  very  perfect  state  of  preservation — too  perfect,  in  fact ;  for 
as  the  neck  and  head  have  been  confessedly  put  straight,  having 
lain  on  the  fore^paddle,  some  doubt  is  enteitained  (without 
much  reason,  however,  I  think),  how  far  the  rest  is  natural. 
Nothing,  however,  can  alter  the  remarkable  head,  which  is  more 
elongated  than  that  of  any  other  species.  •  Its  nearest  ally  in 
this  re8t)ect  is  P.  roatratus  (Owen).  The  bones  composing  it 
appear  to  have  been  so  slender,  that  the  oi  bits  and  temporal 
cavities  are  almost  destroyed,  and  only  the  general  shape  is 
satisfactorily  preserved.  It  has  a  length  from  the  snout  to  the 
summit  of  the  parietal  crest  of  20i  inches,  and  the  angles  of  the 
lower  jaw  reeum  3j-  inches  behind  this ;  the  breadth  at  the  snout 
is  only  If  inches,  and  across  the  angles  of  the  jaw,  S^  inches. 
These  measurements  show  its  excessive  length,  whereby  it  makes 
the  nearest  approach  to  the  Teleosaurus  in  hhape.  The  same 
alliance  is  shown  in  the  rugosity  of  the  snout,  which  is  ex- 
cessive. The  length  i«  leally  made  by  the  prolongation  beyond 
the  nasal  apertures.    The^e,  if  rightly  determined,  arc  2i  inches  in 


ItEPTlLIA.  2t51 

front  of  the  orbits,  and  8 j  inches  from  the  snout,  the  breadth  across 
the  skull  here  being  only  2^  inches.  Thus  the  sides  for  some 
distance  are  nearly  parallel.  Along  this  portion  the  nasal  bones 
form  a  long  elevated  ridge,  gradually  coming  to  a  point  near  the 
snout.  The  teeth  are  rather  large  for  the  slendemess  of  the  jaw. 
The  orbits  would  appear  to  be  very  elongated,  but  the  bone  is 
more  or  less  broken;  the  parietals  form  a  broad  flat  surface, 
without  a  median  crest;  their  prolongation  forward  forms  a 
very  narrow  bone.  The  skull,  on  the  whole,  is  depressed.  The 
angles  of  the  lower  jaw  are  formed  of  very  strongly-ridged  bones 
of  considerable  size,  which  seems  to  be  in  relation  to  the  great 
development  of  side-processes  on  the  cervical  vertebrsB,  so  as  to 
give  purchase  to  the  strong  muscles  necessary  to  move  so  long  a 
head  at  the  end  of  so  long  a  neck. 

The  neck,  as  now  seen  in  the  specimen,  contains  thirty-three 
vertebrae  in  a  length  of  70  inches,  but  the  true  number  and 
length  must  be  in  some  donbt  from  the  restoration  of  this  part. 

The  cervical  vertebree  are  of  as  great  length  from  liefore 
behind  as  they  are  deep  (2  inches),  llie  zygapophyses  and 
neural  spine  are  thrown  very  much  backwards,  forming  a 
process  of  peculiar  fehape  (similar  to  those  of  P.  rostratmi)  whose 
extreme  point  is  verticidly  over  the  posterior  margin  of  the 
succeeding  centrum  (see  PI.  I.,  fig.  6) ;  its  height  is  a  little 
more  than  two  inches.  These  vertebrae  were  said  to  be  very 
deeply  cupped,  in  which  case  this  may  be  the  P.  ccnlospondylua 
(Owen,  MS.).  The  side  processes  or  cervical  ribs  as  u»ual  rise 
upon  the  centrum,  and  at  the  same  time  become  longer,  being 
abnost  as  large  as  the  true  ribs  before  reaching  the  scapular 
arch — a  peculiarity  noticed  above  as  connected  with  the  long 
head,  which  we  thus  see  must  have  possessed  considerable 
mobility  in  a  lateral  and  but  little  in  a  vertical  direction. 

The  dorsal  series  of  vertebrae  are  twenty-five  in  a  length  of 
80  inches ;  the  ribs  give  the  skeleton  a  maximum  breadth  of  30 
inches  here.  The  caudal  region  contains  thirty -two  vertebrae  in 
a  length  of  50  inches,  the  anterior  twenty-one  of  them  possess 
gradually  decreasing  side  processes  or  caudal  ribs  (as  in  P. 
homalospondylus). 

The  total  length  is  thus  15  feet  10  inches. 

Portions  of  the  l)ones  of  the  pectoral  aich  are  visible,  but  they 
are  too  much  imbedded  in  the  matrix  to  show  their  form  or  size, 
only  that  they  belong  to  that  type  which  is  broadest  trans- 
versely. 

The  limbs  are  all  large,  and  of  a  similar  appearance  to  those 
of  P.  homalospondylus,  though  differing  in  details  ;  they  aio  also 
larger  in  proportion,  and  the  hind  limb  is  smaller  than  the 
front  one. 

The  humerus  is  14i  inches  long,  7J  inches  broad,  at  the  end 
2f  inches  ;  on  the  shaft  both  borders  are  concave  and  the  end  is 
almost  obtusely  triangular.  The  radius  is  concave  on  both 
sides,  5  in.  by  41  in.  greatest  breadth.     ITie  ulna  is  reniform, 
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5  in,  by  ^^\  UGnma  Uit*  mi*] die.  The  first  row  of  raipal»  con- 
taine  thvm  boiiea*  of  whicti  tb©  centra  is  the  largewt  aud  nithi*r 
augrilar;  tLe  fruiit  one  iw  elotigtit^J  and  ibe  back  on©  ^isaUt^ttL 
TH©  second  row  ml  go  contains  thr<?t%  rather  smaller,  more  uui- 
form  m  8i?!c,  «od  nearly  chculari      The  two  outer  of  tbe  five 

4  metacarpal e  are  lc88  a^tvaneed  than  the  dthers,  tbe3*  support 
Tenwcttvely  the  2,  5,  6,  7,  4  pbalaQgee.     llie  total  length  i»  44 

"inelieft  and  breadth  IB  inches, 

Tli*i  hind  limb  is  very  similar ;  the  femur  ia  a  little  more 
elongated ;  the  tibia  im  a  little  narrower  for  itn  Biste  than  ibt* 
radius;  the  tarE^fik,  mx  in  number,  are  more  alike;  the  §econd 
metatarsal  euppjrta  otily  four  phalatigeb.  The  total  length  is 
411  inches. 

The  only  portions  of  this  skekton  which  I  can  regard  with 
much  doubt  are  th©  length  of  the  neok  and  t}j6  position*  of  the 
rititt  and  the  phalangeal  bonefi,    Nevei  thUeae,  the  i^peciHc  nau)e  is 
to  be  eonwidercil  bk  belon^jing  to  the  bead  in  the  firtst  instance. 
Ueok^ieal  posit  wn. — Zone  of  .4.  ierptntirtm,  W  hi  thy. 

Pleslosaunis  rugosus,  Owen, 

ISSli     ^  Brit,  AiWH%  Rf'port^;  p.  82. 

1865.     Pal,  Boo.     ^  lU'plilia  of  th«  Liu*.;  p.  H4 

1873*    PiiiUipa.    *  Qt^l  of  Yorkahira,^  Srd  tdit.  p.  272  {mi}. 

Vertebrae  of  this  species  are  taid  by  tbe  Hbove  qnott^l  aiithoTJi 
to  come  from  the  Li  an  of  Whitby^  but  we  have  not  met  with 
them»  ltugo>.i ty  of  bone  does  not  characterise  a  single  Bpt^cit-H 
only.  A  tooth  from  the  z«mo  of  A*  afufulatus.  Cliffy  may  perhaps 
be  referred  to  this  hpei.ia^. 

Plesiosaturos  brachycephalus,  Owen^ 

1839.    *  Brit.  Affloo.  Reports,'  p.  69. 

1875.    Pliillips.    *Geol.  of  Yorkshire,*  3rd  edit.  p.  272(80). 

The  same  may  be  said  of  this  as  of  the  last  Yei-tebrsB  with 
this  name  attached  by  Prof.  Owen  are  in  the  York  Mnseum. 

Plesiosaurus  cdelospondylus,  Owen. 

18U5.    Pal.  Soc    *  Reptilia  of  the  Lisa,' p.  12. 

These  vertebrae  from  the  Whitby  Museum  are  slightly  cha- 
racteiised  in  the  above  memoir,  and  may  belong  to  some  better 
described  species,  e.  g.  P.  longirostris. 

Oeciogieal  position. — Zone  of  A.  communis,  Whilby. 

Plesiosaurus,  Spec,  indel. 

Various  Tleiiiosaurian  remains  occur  in  beds  where  whole 
skeletonn  are  unknown.  Those  known  to  us  may  be  thus 
enumemted : — 

(a).  An  immense  skeleton,  some   16  to  20  feet  long,  was 


IlEPTILlA.  253 

discovered  a  few  years  ago  in  the  ironstone  mines  at 
Eaton,  but  it  was  broken  up  before  it  wag  examined. 

(P).  Two  coracoids  in  apposition,  in  the  posnession  of  Mr. 
W.  France,  of  an  equally  large  animal,  were  discovered 
in  the  ironstone  at  8kinningrove. 

(y).  In  the  capricomus  beds,  near  Saltbum,  occurred  a  large 
elongated  vertebra,  about  3  inches  long,  2  inches  high, 
and  If  inches  broad,  with  the  neural  spine  projecting 
backwards.  The  ends  were  but  slightly  concave. 
Though  this  form  is  a  remarkable  one,  we  cannot 
derive  from  it  Kuificient  characters  for  a  specific  name. 

{S).  A  large  dorsal  vertebra  has  been  obtained  from  the 
Jamesoni'hedn,  Euntcliflf. 

ORDER  ICHTHYOPTERYGIA. 

GENUS   ICHTHYOSAURUS. 

Ichthyosaurus  acutlrostris,  Owen. 

18:^5.    Phillips.    *  Geol.  of  Yorkshire,*  pi.  xii.  tig.  2. 
1839.    Owen.    *  Brit.  Assoc.  Reports,'  p.  121. 
1875.    Phillips,  loc,  eU.  3rd  edit. 

This  is  the  commonest  and  most  characteristic  of  the  Whitby 
KeptileH,  but  it  has  not  yet  received  full  illustration. 
Geological  position, — Zone  of  A.  communis.     Passim. 

Ichthyosaurus  crassimanus,  Spec.  nov. 

PI.  I.,  fig.  0. 

1858.    Owen.    *  Report  of  the  Yorkshire  Phil.  Soc.' (name  only). 

1875.    Phillips.    *  Geol.  of  Yorkshire,"  3rd  edit.  p.  272  (SO),  (name  only). 

Syn.  platyodon.    Phillips,  /o<;.  nt. 

The  MS.  name  above  quoted  has  been  assigned  to  a  specimen  in 
York  Museum  allied  to  J.  platyodon.  There  is  another  in  the 
possession  of  Mr.  Brown-Marshall  of  Whitby.  The  specimen  at 
York  is  nearly  30  feet  long,  of  which  6  feet  3  inches  is  occupied 
by  the  head,  i.e.,  about  one-fifth  of  the  whole.  Its  base  has  a 
breadth  of  3  feet  and  shows  well  the  occipital  condyle.  The 
number  of  vertebrse  seen  is  eighty-six.  This  species  drffers 
from  J.  platyodon  in  the  relative  size  of  the  paddles :  in  the  latter 
they  are  equal,  but  in  this  the  front  paddle  is  the  largest,  being 
30  in.  by  12  in.,  whereas  the  hind  paddle  messnres  only  24  in. 
by  10  in.,  but  they  agree  in  great  simplicity  of  the  digital 
ossicles,  the  fore-paddles  having  only  four  rows  and  the 
hind  paddles  three.  The  vertobrae  are  similarly  compressed  ; 
they  are  moderately  concave  and  reach  a  diameter  of  8  inches. 
The  front  vertebi-«e  (in  Mr.  Marshall's  ppecimen)  exhibit  the  two 
tubercles  which  are  seen  in  J.  platyodon.  The  coracoid  is  well 
shown  in  the  York  specimen  ;  it  is  a  very  bent  bone,  turning  up 
almost  at  right  angles.      The  humerus  is  a  remarkable  bone, 
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vtsry  tthurt,  aud  like  the  trHiibVwr**e  w-'otion  uf  h  ml.     Ttie  ludius 
Hud  ixhvk^  UJiUkii  tlio*te  of  J,  pkU^timt,  havo  nu  Oimeavity  on  \heir 
jiGtorittr  boixii^rti,  but  are  suVpentagoual  (see  pL  L,  fig.  ^»), 
Oiiohifjical  pomitmi. — -Zone  tif  ^^  t^mi/w/ftiV,  LofUiouso, 

Icbthyosaurus  tenuirostris,  Con^beare. 

lS$i.    '  Tmni«^L^it  of  Gkol.  So(<^,'  2rfd  iwiri(»,  voL  i.  u  Id,  %.  lU. 

Somii  speoiii^en^  lif  jaw»  io  Yurk  Museiiiu  aud  others  wiih 
tJortiutiB  uf  the  Hkelutoti  iu  the  BriUe^h  Museuiu,  coming  horn  ilm 
Llj^  of  W  hithyt  lialting  to  this  BpecieB,  but  their  horis^uti  in  un- 
"  ipwn, 

IchtJbyosaurus  intermediusj  Oony&eaine. 

1824*    '  Tr&tis,  t^f  tiwl.  Bnc./  2nd  eerie*,  voL  i.  t,  15,  flg  y. 

18^9     OwciL     '  Brit.  AKftLKJ,  Reports/  p.  112. 

li7S.    PKilUp«.    *G<»l.ofYQrki5MnV3rdfidit.  p.272(S0), 

P)ofi^«Esvr  Owtiii  HajB  tjiat  remains  of  this  epecies  oocur  an  iho 
LiiiM  bttwt?eii  Whitby  and  Scarborough,  and  from  varioui*  piiHe 
uf  York sh lit?.  The  e|>«cimens  wo  have  mot  with  in  the  Lower 
Lias  h-dongiug  to  animaU  of  7  feet  and  under,  may  poasibly 
be  referred  to  thif?.  A  ekeletun  0  feet  in  leu^h  tKJcurred  in  the 
<Sicyiw?^ii«-bed8  of  Robin  Hood's  Bay,  but  it  waa  in  too  fragmen- 
tary a  gtate  to  reconstruct ;  ita  teeth  were  moderately  i>ointod 
and  Btriated,  itt^  vertebrse  (2|  in.  by  J  in.)  veiy  concave,  and  a 
oomcoid  (?)  well  preserved  showed  au  emargmate  inner  edge, 
on  cave  sidee^  and  oval  articulation  tor  the  humerus. 
Geological  jjwjwfion.^ Probably  tbe  sson©  of  A,  oa^totus, 

IchthyoBaiuois  longlrodtilSi  Juger. 

1857.    *  Verhandl.  K.  Leop.  Oar.  Akad.,'  vol.  xxv.  Pt  II.  p.  937,  tab.  xxx. 
Syn.  ?  latifrong.    Koenig.    *  Icones  Sectiles,'  fig.  250. 

Two  Bpecimens  of  this  remarkable  species,  from  the  Lias  of 
Whitby,  are  in  the  British  Museum,  which  are,  no  doubt, 
identical  with  that  described  by  Jager,  as  he  supposes.  They 
have  very  long  and  narrow  snouts;  the  sides  nearly  parallel, 
with  broad  crowns  and  large  orbits.  Jn  the  latter  characters 
agree  so  well  with  J.  laUfroru^  which  ^as  founded  on  a  speci- 
men that  has  lost  the  snout,  as  to  make  it  probable  that  they  are 
the  same  species. 

(Geological  position, — Probably  zone  of  A.  communis^  Whitby 
(not  ierpeiUinue). 

Idttthyosaurua,  Spec  indeL 

Vertebras  have  occurred  in  the  Bucklandi-hodB  at  Kedcar,  and 
bones  in  the  planorbis  and  Rhadtic  beds  of  the  south  part  of  the 
county. 


PISCES. 

By    J.    F.    BLAKE. 

The  fishes  of  the  Yorkshire  Lias  have  not  attracted  much 
attention  as  they  are,  with  one  or  two  exceptions,  seldom  met 
with.  No  notice  appears  to  have  been  hiUierto  taken  of  the 
isolated  teeth  of  well-known  species,  which  act  as  characteristic 
fossils  of  the  strata.  In  the  great  work  of  Agassiz,  which  has 
formed  the  basis  of  the  lists  of  subsequent  writers — and  must,  to 
a  certain  extent,  do  the  same  for  us — fifteen  are  enumerated,  six 
of  which  are  figured,  four  have  short  descriptions,  and  five  are 
only  named.  One  of  these  latter,  however,  may  be  almost 
considered  as  known,  viz.  the  Oyrosteus  mirabilis;  Sir  M.  de 
Grey  Egerton  described  an  additional  form  in  1843,  already 
quoted  by  Agaissiz  by  name  only,  and  to  these  Simpson  has 
added  one  without  description,  except  as  to  size,  bringing  the 
tot»il  to  thirteen.  To  these  we  add  seven  species  recognised  by 
isolated  teeth,  and  one  identified  with  a  described  form,  while 
one  of  the  recorded  ones  is  rejected,  leaving  the  present  total  at 
twenty. 

ORDER  PLACOIDEI. 

GENUS  ACRODUS. 

Acrodus  nobills,  Agasm. 

1830.     *  Poisflons  Fossiles,'  vol.  iii.  tab.  21. 

OeologiccU  posttUni, — Several  fine  teeth  in  juxtap  aition  in  the 
upper  part  of  the  Bucklandi  beds,  Redcar  Scars. 

Acrodus  minimus,  Agauk. 

1836.    *  Poiss.  FosB.,*  vol.  iii.  pi.  22,  figs.  &-12. 

Geological  position, — Zone  of  A.  angtdaius,  Cliff ;  and  Rhrotic, 
near  Thomton-le-Moor. 

QENUS  HYBODUb. 

Hyl>odus  reticulatus,  Agasm. 

1^36.     '  Poiss.  Fosd.;  vol.  iii.  tab.  24,  fig.  26. 

Tooth  only. 

Geological  posiliou, — Zone  of  A  Bucklandiy  Redoar. 
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Hybodus  minor^  Agam^ 

1880*    '  Pois*.  Fo«B.;  vol.  iii.  Ub.  23*  hgn.  'H-U. 
IVnjth  cmly. 

Zone  of  A*  planor^fiit.  Cliff* 

Notidanus  Amalthei,  Ojopa/, 

185B.    '  Mlt.  Lioii  ScLwaWrm;  pj.  I.  i%.  1. 

Omfo^icul  pomtion.  —  Zoug  of  jl,  mftri/an/al«*».  Eobin  Hood'ii 
Bay.     ( 1  ex.  ^\Tiitby  Mufteiim,) 

ORDEH  GAJS'OIDEI. 

Gyrostaus  mirabEis,  Agiitm, 

PL  11.  fig^.  2,  3. 

1836.    '  Poise,  Fow,,'  tqI,  ii.  Pi  H  p.  ITJ  (nmat  only). 

The  remaitie  of  Ibis  fiab  conskt  im\j  of  boaes,  do  teetli  or 
scftteB  tbut  could  be  referred  to  it  bavins;  be^n  discovered,  neither 
are  any  vertebra!  centra  known.  All  these  negative  charaotei-s 
801 T©  to  unitje  the  fieh  to  tbe  family  of  the  sturgeons.  The  York 
Mnaenm  contains  general  speolmens  of  different  parte.  Of  the 
eknll  there  are  two  pieces— one  apparently  belonging  to  the 
lower  jaw,  9  inebes  long,  showing  the  articulation,  and  the  other 
one  of  the  flat  bones  of  an  oblong  shape,  one  portion  of  which  is 
pitted  with  rather  largo  holes  or  depreK8ion8»  and  the  other  is  in 
longitudinal  ridges,  aw  fnv  tlii^  ov^t^rlapping  of  nnatber  bone;  it  ib 
about  7  inches  long  by  3  inches  in  breadth.  Of  the  bones  of  the 
extremities  the  chief  is  a  large  humeras  (?),  which  is  flattened  at 
each  end,  but  with  a  twist  in  the  middle,  so  that  the  ends  lie  in 
different  planes,  making  an  angle  of  about  60^  with  each  other. 
The  whole  length  is  about  14^  inches,  and  the  centre  of  the 
twist  is  5  inches  from  the  smaller  end;  the  breadth  of  the 
smaller  end  is  5j^  inches,  and  of  the  larger  8^  inches.  Con- 
sidering the  relative  size  of  the  corresponding  bone  in  sturgeons, 
this  must  indicate  a  very  large  fish ;  smaller  specimens  havine 
the  same  characters  are  known.  There  is  a  long  bone,  which 
may  represent  also  a  radius  or  ulna,  whose  ends  are  1^  inches 
thick ;  the  length  is  9  inches,  and  breadth  in  the  centre  three- 
quarters  of  an  inch.  The  most  numerous  of  the  remains  are  those 
of  the  fins  or  tail.  One  specimen  contains  indications  of  three  or 
more  carpal  bones,  followed  by  22  rays,  which  are  minutely 
jointed.  The  specimen  is  8  in.  by  7  in.,  and  probably  a  frag- 
ment only  of  a  fin.  It  is  this  jointed  part  which  is  most  com- 
monly found,  sometimes  occurring  of  very  large  size.  The  most 
interesting  portion  of  the  remains,  however,  is  what  I  take  to 
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be  neuij^  arches  of  the  vertebras  (see  PI.  II.  fig.  3).  Very 
perfect  i^Poimens  of  this  are  in  York  Museum,  and  they  are  also 
known  to  Mr.  Simpson,  who  named  them  Sepia  incompotUoj  with 
very  great  doubt  as  to  their  nature.  They  have,  indeed,  a  great 
resemblance  in  shape  to  his  8^^  hauUrum,  In  section  they  are 
concave  beneath  and  convex  above,  with  the  edges  rounded  off. 
The  lower  ends  are  produced  beyond  the  centre,  leaving  a  space 
between  them.  The  neural  canal  above  this  rises  to  a  ridge  in  a 
longitudinal  direction,  with  two  smaller  side-ridges.  About  half 
way  up  two  transverse  ridges,  slanting  upwards,  divide  the  lower 
part  from  the  upper,  which  is  more  depressed,  and  gradually 
narrows  to  the  point.  At  the  meeting  of  these  ridges,  where 
they  lose  themselves  in  the  centre,  is  a  small  round  hole  or  canal. 
At  about  an  inch  from  the  upper  end,  where  the  bone  has  become 
quite  narrow,  there  is  an  elevated  rugosity  like  a  collar  round 
tne  bone,  and  the  neural  spine  beyond  has  a  round  end,  which  is 
also  more  or  less  rough.  If  we  compare  this  with  the  abdominal 
vertebra  of  a  Sturgeon,  as  figured  by  Professor  Owen  ('  Anatomy 
of  Vertebrates,'  vol.  i.  fig.  26),  the  similarity  of  structure  is 
obvieus.  The  transverse  ridge  separates  the  two  portions  into 
which  the  neurapophysis  is  divided  in  that  fish.  The  small 
canal  corresponds  to  what  Professor  Owen  calls  the  "fibro- 
adipoee  canal,"  filled  with  fatty  matter;  and  the  collar  and 
roughness  of  the  neural  spine  correspond  to  similar  features 
there.  The  length  of  one  of  these  bones  is  5  inchas,  and  its 
greatest  breadth  2  inches.  The  York  Museum  possesses  a  speci- 
men containing  five  of  such  bones,  following  one  another  in  a 
series,  the  concavity  of  one  lying  over  the  convexity  of  the  next, 
which,  independenUy  of  the  bones  themselves,  gives  a  very  good 
due  as  to  their  nature. 

Fragments  of  this  fish  are  so  commonly  met  with  in  a  dogger 
band  above  the  jet-bearing  strata,  as  to  have  given  it  the  local 
name  of  the  ''  animal  dogger." 

Qeological  position, — Zone  of  A,  aerpentinua,  Whitby. 
Zone  of  A,  communis,  Whitby. 

GENUS   SAURICTHYS. 

Sauricthys  apicalis,  Agamz. 

'  Poiaa.  Fofls.'  vol.  ii.  tab.  55a,  flgs.  6-11. 
Geological  position, — Rhcetic  (Thornton). 

GENUS  DAPKDroS. 

Dapedius  micans,  Agassiz. 

Agassiz  records  ('Poiss.  Foss.'  vol.  i.  p.  304)  a  Bapedius 
micans  from  the  lias  of  Whitby,  but  gives  no  reference,  and  I 
have  not  been  able  to  discover  the  specimen.  Seeing  that  many 
things  are  brought  from  Lyme  Regis  to  Whitby,  and  sold  as 
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prociuctiona  of  tbe  latter  IcM^ality,  1  regard  the  prG&tnm  of  t£ii^ 
upeoieB  in  oer  area  as  doubtfiiU  f7 

A  single  tooth  belonging  to  this  genua  oooiirfl  in  tL©  *^  Planer* 
bis  "  chyBy  Cliff- 

QENtrS  KtTGHATHUS. 

Eugnathus  fasciculatus,  A^obmIz, 

*  Fobs*  Foaa/  vol.  ii.  Pt,  U.  jk  105  (nam©  onlj). 

We  have  no  means  of  knowing  what  specimen  is  referred  to^l 
altbongh  there  are  specimens  in  the  York  Mnsenm  which  appear] 
to  belong  to  the  genus. 

GESUS  .EOaMODUS, 

^chmodus  oval  is,  Agasmz,  sp. 

'  Poiflu*  FoftB/  voL  iij.  tab.  21,  flg.  3. 

Agfisai^  records  this  species  as  found  at  Whitby,  and  in  the 
York  Museum  there  is  a  specimen  of  this  genus,  showirig  the] 
head   and    first  half  of  the  body  oorrespondirig  with    his   de 
ftcription* 

Qeologicnl  pontion, — Zone  of  A.  serpeniinm,  Whitby, 

GKKUS  OYBOLEPia 

Gyrolepla  Albert! ,  Agasm. 

'Poiift.  Foaa,'ToLii.  tah  19, 
jBeologtml  p&mtion.—Eh(^ic  (Thornton)* 

omus  uunDOTOcL 
Lepidotus  semiserratus,  Agasm. 

'  Polss.  Foes.*  vol.  ii.  tab.  29a,  and  296. 

This  is  the  commonest  of  the  Whitby  Lias  fishes ;  well-pre- 
served specimens  showing  all  the  parts  are  in  many  museums. 
A  specimen  in  my  collection  shows  part  of  the  ribs,  whose 
proximal  end  is  much  expanded,  and  almost  bifurcate. 

Oedogical  position, — Zone  of  A.  serpeniinus.     Passim. 

Lepidotus  rugosus,  Agasnz. 
*  Poiflfl.  FosB.'  vol.  ii.  tab.  38a,  figs.  1-8. 
All  the  bones  and  scales  in  this  species  are  rugose.     A  head 
and  some  scales  are  preserved  in  Whitby  Museum. 
Oeohgical  poaiHon. — 7jGne  of  A.  serpentinus,  Whitby. 

Lepidotus  pectinatus,  EgerUm, 

1848.    *  Memoirs  of  Oeol.  Survey  of  Great  Britain/  decade  6,  pi.  vii. 
Agaasiz.    '  Poiss.  Foes.'  vol.  ii.  p.  805. 

A  unique  specimen  with  pectinated  scales.     Size  9  in.  by  2|. 
Oeologteal  pontion, — Zone  of  A.  serpeniiniu,  Whitby. 
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QENUS   ASPnX>RHTN0HU8. 

Aspidorhynchus  anglicus,  Agaasit. 

*  Poisfl.  F088.'  ?ol.  ii.  Pt  II.  p.  139  (name  only). 
This  fish,  of  which  I  have  not  seen  a  specimen,  is  recorded 
only  by  the  author  above  quoted,  as  from  the  Lias  of  Whitby 
(see  next  species^.     The  original  is  in  the  possession   of  Sir 
Malpas  de  Grey  Egerton,  Bart. 

GENUS  BKLONOSTOBIUS. 

Belonostomus  acutus,  AgassU. 

*  Poisa.  Fobs.*  ?o1.  ii.  tab.  47a,  figa.  3-4. 

Has  very  long  sharp-toothed  jaws. 

Geological  position. — Zone  of  A.  serpentinua, 

I  think  it  very  probable  that  these  may  be  Lyme  Regis  fossils 
sold  at  Whitby.  Such  is  the  case  with  the  specimen  in  the 
British  Museum  said  to  come  from  Whitby. 

GENUS  PTYCHOLEPIS. 

Ptycholepls  Bollensis,  Agasnz. 

*  Poisa.  F088.'  vol.  ii.  tab.  68^. 

A  fine  specimen  of  the  front  half  of  this  fish  is  in  the  York 
Moseum,  showing  the  characteristic  crinkled  scales. 
Oeological  position. — Zone  of  A  serpeniinuSy  Whitby. 

GENUS  PACHYCORMUS. 

Pachycormus  curtus,  Agassiz. 

^  Foiaa.  Fosa.'  vol.  ii.  tub.  59. 

This  is  the  only  species  of  this  genus  that  Agassiz  figures  from 
the  Yorkshire  Lias.  It  is  tolerably  common,  and  is  found  in  all 
the  local  museums. 

Geological  position.— Zone  of  A.  serpentinus^  Whitby. 

Pachycormus  gracilis,  Agassiz. 

*  Poiaa.  Foaa.'  vol.  ii.  Pt.  II.  p.  114. 

Agassiz*^  only  description  of  this  is  that  it  is  near  P.  curtus, 
but  more  delicate ;  the  tail  has  very  fine  rays  and  is  broadly 
forked.  The  specimen,  however,  on  which  these  observations 
are  founded  is  in  the  York  Museum,  and  is  well  characterised. 

Geological  position. — ?  Zone  of  A.  serpentinus,  Whitby. 

Pachycormus  latlrostris,  Agassiz. 

*  Poiaa.  Foaa.'  vol.  ii.  Pt.  II.  p.  114. 

This  is  another  unfigmed  and  shortly  described  species.  The 
description  is  **  very  large,  with  short  head  and  pointed  snout." 

c  2 


260 


PAX.f:0«T0IOOY< 


A  spacimen  in  tlie  York  Museum  is 
this,  as  it  oorresponds  to  the  above  descripti' 
head  only,  which  is  reriiarkable  for  the  large  opercular  bonea. 
G^dogieal  positian,—?  Zone  of  A.  serpmUnu^^  Whitbj. 


ooDJectu rally  identiBed  aa 

sseriptioa.     It  eoosists  of  ii 


Pacliycormus  latus,  Aga*mz. 

*  Pob».  Fofli.'  VOL  U.  Pt  n.  p.  114. 

The  onlr  deficHption  is,  **  very  large  and  ohlongj  head  short  and^ 
amall/*     The  type  is  in  Lord  Eimi^i lien's  ot>l!ectioii* 
Geological  potition. — Zone  of  A.  nerpenftniw.^Whitby. 

Pachycormus  macroptenis,  A^asvk, 

'  Paiaa.  Foaa/  ?ol.  ii.  pL  5^. 

This  is  not  recorded  by  Agassiz  as  from  the  \^itby  Lias,  but  I 
a  epecimen  in  the  York  Museum  with  an  elongated  head  and  [ 
large  pectoral  fin  seems  to  agree  fairly  well  with  his  description  I 
of  3iat  species. 

Geo%i>a/p3«ih'on.— Zone  of  A  serpentinus,  Whitby, 

Pachycormus  acutlrostrlS|  Aga$m, 

"  PoUs.  Fofli.'  voL  ii.  Pt.  II.  p.  114. 

The  only  diagnosis  is  this^'*  with  pointed  snout,  fine  teeth^ 
very  sharp."  i  have  seen  no  ape oi men  of  such  a  fish  and  cannot 
illuetrate  it  fnrthen  Having,  however,  a  description  it  must 
remain  on  the  liKt, 

Qeohgictd  poiitimi. — -Ptobably  the  same  zone  as  the  others. 

Note.— There  is  a  specimen  in  York  Museum  which  corre- 
sponds to  the  short  description  of  P,  kUipennis,  given  by  Agassiz 
*P.F./vol.ii.,pt.  IL,p.  114. 

QENU8  LEPTOLEPIB. 

Leptolepis  saltviciensis,  8imp§m^  ip. 
PI.  III.  fig.  1. 

*  Fo88il8  of  Torkshiie,  Lias,'  p.  19. 

Although  the  small  fishes  alluded  to  by  Simpson  have  not 
been  diflcovered  with  their  scales,  but  only  their  skeleton  is 
known,  there  can  be  little  doubt  of  their  being  ganoid,  and 
belonging  to  the  genus  Leptolepis,  with  which  they  correspond 
in  every  other  particular.  The  pectoral,  ventral,  and  anal  fins 
are  about  the  same  size,  and  are  at  equal  distances  apart  The 
dorsal  is  rather  large,  and  is  situated  opposite  the  interval 
between  the  anal  and  ventral.  The, vertebral  column  is  ossified, 
and  the  tail  homooercal.  The  head  is  small  and  the  teeth  are 
comparatively  large,  and  lie  apparently  in  clumps.  Length  4 
in.  by  J  in.  '  > 

(hoiogicdl pasiHon, — ^Zone.ofii..#0f2)en/tntf#,  Whitby. 
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CLASS  CEPHALOPODA. 

By  J.  F.  BLAKE. 


ORDEK  TETRABRANCHIATA. 

FAMILY  AMHONlTIDiE. 

Jntrodudion. — The  genus  Ammonites  has  now  become  quite  of 
LinnsBan  dimensions,  and  almost  constitutes  a  family,  and  the 
vast  series  of  species  may  be  well  arranged  in  groups  that  have 
the  value  of  more  modem  genera.  Long  ago  they  were  divided 
into  families  by  Yon  Buch — families  within  a  genus !  But  this 
grouping  has  not  been  allowed  to  a£fect  the  nomenclature. 
Among  German  palsBontologists,  however,  a  new  system  has 
been  iuaugurated  of  definitely  cutting  up  the  series  into  genera, 
to  which  names  have  been  assigned.  This  system  does  not 
lippear  to  have  been  as  yet  adopted  in  England ;  partly,  perhaps, 
from  the  want  of  an  introduction,  but  partly,  no  doubt,  from  the 
fact  there  is  something  sui  generis  about  the  Ammonite  which 
makes  us  loth  to  part  with  an  old  and  expressive  name.  Yet, 
from  a  philosophic  point  of  view,  the  retaining  so  large  a  group 
under  one  name  cannot  be  defended  in  the  face  of  the  splitting 
up  of  the  Trilobites,  for  instance,  into  numerous  genera,  and  of 
the  partial  dismemberment  of  the  Ammonite  group  itself  by  the 
formation  of  genera  such  as  Orioceras  or  Toxoceras,  on  the  mere 
decrease  of  involution,  which  is  not  constant  within  the  limits  of 
the  genus  Ammonites  as  retained.  By  way,  therefore,  of  intro- 
ducing the  new  nomenclature  into  use  in  this  country,  I  have 
attached  to  each  species,  while  retaining  the  generic  name 
Ammonites  in  the  lists,  the  name  of  the  new  subdivision  to 
which  it  belongs,  so  £ftr  as  these  divisions  are  established.  It 
must^  however,  be  remarked,  that  English  specimens  are  seldom 
so  perfect  as  to  indicate  the  features  on  which  the  new  genera 
are  founded,  and  we  have,  therefore,  largely  to  rely  on  foreign 
information. 

As  an  additional  means  of  drawing  attention  to  these  genera, 
I  may  be  allowed  to  make  some  introductory  remarks  on  what 
must  now  be  called  the  Family  of  Ammonites,  and  I  will  con- 
sider in  order  the  various  features  on  which  their  classification 
must  depend. 

Like  all  the  conchiferous  moUusca,  they  have  a  shell,  whioh 
consists  essentially  of  a  cone,  more  or  less  rolled  up  in  one  plane 
or  in  a  spiral.     If  we  take  any  fixed  point  in  relation  to  the 
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ishollf  6ay  9.  point  in  it»  suxraoet  ur  in  tbe  centre  of  it&  aperturts, 
that  point  will  describe  a  curvb  wilh  the  growth  of  the  ah  ell; 
and  if  till  a  curve  \m  projected  on  a  plane »  it  nearly  forma  the 
well-known  '*  equiaugul^u"  spiral  ;'*  not  exactly,  however,  becanse 
the  growth  does  not  begin  from  a  point,  as  it  should,  but  from 
the  cironmference  of  the  embryo ;  and  it  has,  therefore,  been 
proposed  by  Mr.  Nanmann  to  call  it  a  "  concho-apiral/'  T«king, 
however,  the  former  cnrve  hs  an  approximation  to  the  ftirm  pro- 
duced, we  know  that  this  depends  for  itM  shape  entirely  on  the 
**  angle"  at  which  it  is  bent;  and  this  depend«  on  the  law  of 
growth  of  the  Fhell.  Kow,  since  this  law  is  the  mime  for  all  the 
pArts  of  the  shell,  it  follows  that  the  cnrve  det^critied  by  e^ery 
point  in  the  Kame  plane  is  the  same,  only  representing  earlier 
or  later  portions  of  one  and  the  fiame  curve.  If,  therefore,  in  an 
ammonite,  which  ia  coiled  in  one  plane,  it  Ih  necefisarj  to  go 
back  an  exact  revolution,  or  360^,  to  reach  the  part  of  the  onrve 
oorresponding  to  the  inner  edge  of  the  whorl,  it  w  plain  that  this 
will  be  just  in  contact  with  the  outside  of  the  precedLng  whorl, 
which  is  ai^o  an  exact  revolution  behind.  If  we  mnat  go  back 
farther,  the  inner  edge  of  the  last  whorl  will  lie  mihtn  the  on  tor 
edge  of  the  preceding,  or  the  shell  will  be  more  or  less  involute ; 
if,  on  the  contrarj%  we  have  to  go  Kack  less,  it  will  be  nncoiled. 
The  shape,  then,  of  any  shell  coiled  in  one  plane  depends  on  the 
maeuitudes  of  two  angles,  viz.,  the  angle  of  the  epiraL  and  the 
'  ttU^e  of  retardation  of  the  inner  edge.  There  are  two  other 
elemenfei  which  can  enter  into  the  formation  of  any  shell — the 
angle  of  elevation  ont  of  the  plane,  and  the  form  of  the  trans- 
verse section.  Leaving  thi^  hist  out  of  cxjnsid oration,  it  is 
intieresting  to  see  how  the  other  three  angles  produce  the  dif- 
ferent shells,  €.g\,  a  small  spiral  angle  and  small  retardation — 
a  dentalium  or  toxoceras  ;  a  small  spiral  angle  and  great  retarda- 
tion— a  hrdchiopod  ;  the  same  with  a  small  angle  of  elevation— a 
lameUibranch, 

Our  present  point,  however,  is  this — the  simple  fact  of  the 
angle  of  retardation  of  the  inner  edge  being  less  than  360°, 
has  given  us  the  genus  Grioceras,  and,  being  much  less,  Toxoeercu ; 
it  is,  therefore,  with  great  reason  that  its  being  exactly  360° 
greater,  or  much  greater,  should  equally  characterise  genera. 
What  I  call  the  angle  of  retardation,  obviously  depends  simply 
on  the  ratio  of  the  rate  of  growth  of  the  inner  edge  to  that  of  the 
outer. 

One  more  point  depending  on  these  angles:  —  the  genera 
ScaphUes  and  Ancyloeeras  simply  contain  those  species  in  which 
the  spiral  angle  is  decreased  at  a  certain  period  of  life,  so  that 
the  whorl  grows  aioay  from  the  centre.  Why,  then,  should  not 
these  forms  be  considered  worthy  of  distinction  in  which  the  spiral 
angle  increases,  and  the  whorl  comes  near  the  centre,  the  aperture 
generally  decreasing,  as  in  the  proposed  genus  JEkotraustes, 

The  next  varying  feature  is  the  general  shape  and  ornament 
of  the  shell,   on  which  I  have  no  general  remarks  to  make. 
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except  that  this  must  largely  serve  in  any  classification  to 
assist  in  determination  of  alliances. 

The  next  feature  on  which  great  stress  has  been  laid  is  the 
form  of  the  sutures.  That  we  may  rightly  estimate  the  amount 
of  importance  to  be  attached  to  these,  we  must  have  some  idea 
of  th^  use  and  mode  of  formation ;  and  also  with  respect  to  the 
niphuncle,  whose  position  has  been  found  distinctive  of  ffreat 
families.  In  the  first  place,  the  more  complicated  lobes  of  the 
Ammonite,  as  compared  with  those  of  the  Nautilus,  seem  obviously 
designed  to  support  a  thinner  and  less  resisting-shaped  shell, 
and  one  belonging  probably  to  a  more  active  animal,  the  in- 
tricate ramifications  making  an  excessively  long  line  of  support 
to  the  interior  of  the  shell  in  a  comparatively  limited  area.  But 
there  is  another  peculiarity  more  difficult  to  account  for,  first 
noticed,  I  believe,  by  Quenstedt,  and  it  is  this.  In  the  Nautilus 
proper  the  last  septum,  which  bounds  the  body-chamber  behind, 
is  concave  towards  the  aperture ;  but  in  the  Ammonite  it  is, 
upon  the  whole,  convex ;  and  in  intermediate  genera — Olymema, 
Aturia^  OonicUites — ^it  is  difficult  to  say  which  it  is,  being  partly 
one  and  partly  the  other  in-  about  equal  proportions.  What  is 
the  cause  of  this  difference  ?  The  shelly  septum  is  of  course 
formed  upon  the  model  of  the  hinder  edge  of  the  soft  mantle, 
which  yields  to  pressure ;  and  since  when  a  soft  substance  is 
subjected  to  pressure  it  must  necessarily  be  concave  towards  that 
side  on  which  the  pressure  is  greatest,  it  follows  that  in  the 
Nautilus  the  pressure  on  the  mantle  is  greatest  from  the  outside, 
but  in  the  Ammonite  it  is  greatest  from  the  inside ;  while  in 
the  intermediate  genera  the  difference  is  but  small.  Now,  if  we 
look  at  the  lobes  of  any  Ammonites,  we  find  that  all  the  points 
are  directed  from  the  aperture,  and  the  concavities,  or  rounded 
parts,  are  directed  towards  it.  We  thus  see  the  mode  of  their 
formation.  The  long  circumference  of  the  mantle — too  long  to 
form  simple  sutures,  as  in  the  Nautilus — is  forced  forward  by 
a  pressure  from  behind  ;  those  parts  which  hang  back  and  cling 
to  the  shell  form  the  points,  and  the  intermediate  parts  that  give 
way  fi>rm-the  ** saddles."  Whence,  then,  comes  this  pressure? 
It  is  certain  that  the  chambers  of  the  Nautilus  are  filled  with  a 
gas  of  some  kind,  which  must  of  course  be  secreted  by  the 
mantle ;  and  it  must  have  been  the  same  in  the  Ammonite.  If 
little  of  this  air  were  secreted,  it  would  be  at  less  pressure  than 
that  to  which  the  body  of  the  animal  was  subjected,  as  in  the 
Nautilus.  If  the  quantity  of  this  air  were  increased,  or  the 
pressure  on  the  body  diminished,  then  we  should  have  the  case 
of  the  Ammonite,  and  the  difference  of  the  sutures  may  point 
either  to  increased  secretion  of  air  in  the  latter,  or  a  more  active  - 
life  on  the  surface  of  the  ocean.  In  either  case  we  see  an  addi- 
tional reason  for  the  strengthening  of  the  shell  by  the  complica- 
tion of  the  sutures,  because  it  has  to  support  a  pressure  from 
within.  We  can  thus  trace  the  history  of  the  formation  of  a 
new  partition.     After   the   formation  of  the  last,  the  animal 
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grows  fbrwafd  iii  its  sliell,  at  the  Bame  time  that  the  ovari^i 
fiii^tend  in  the  hiiidor  jiart^  Mid  occupj  the  place  deaert'ed  by  the 
other  orgaoB,  until  at  laet  they  occupy  the  whole  (^pace  that  will 
mterpene  between  the  two  septa.  But  how  are  the  ova  to  be 
extruded  when  mattire  ?  W©  cannot  eay  by  the  simple  contrac- 
tion of  the  mantle  or  other  muscular  bands  surrounding  the 
ovisacs,  because  the  remainder  of  the  animal  does  not  retraot 
again  into  the  qiace  which  la  thu^left  vacant*  Before^  therefore^ 
the  ova  can  l3e  extrudcnl,  Jiomething  must  be  secrete  to  take 
their  phice,  and  this  can  be  nothing  else  than  imme  kind  of  gas, 
which  alono  at  last  occupies  the  interval  between  the  septa,  and 
to  relieve  the  pre*4sure  of  which  the  latter  are  formed.  If  thi»* 
be  tbe  tniti  aocoimt  of  the  formation  of  the  aepta,  the  particular 
details,  as  diatinguitibed  from  the  genernl  form  of  the  miturei^ 
will  be  quite  a  secondary  matter,  depending  rather  on  the 
internal  form  of  the  shell*  and  determined  to  a  great  extent  by 
Bimple  mechanical  laws :  while  the  position  of  the  Biph uncle  is 
obviously  a  matter  miich  more  intimately  connected  with  the 
|>articular  organiiiation  of  the  soft  parts* 

The  other  observable  features  of  an  Ammonite  have  oaly 
recently  atti-acted  their  due  attention,  I  will  consider  next  the 
praiOlice  or  absence  and  the  nature  of  the  Apt^chti*.  Firut,  a»  to 
its  mature  and  use.  Two  theories  have  been  broached  with 
respect  to  it — 1,  that  it  is  an  oporculttm;  and  3,  that  it  fotrae  a 
protector  to  the  nidamentaiy  gland.  It  may  be  considered 
certain  that  in  some  io stances  at  letist  it  acts  as  an  opercuiutn, 
becatise  specimens  have  been  found  in  which  it  accurately  fits 
the  aperture,  and  stands  in  it  perpendicularly.  See  'Woodward's 
Geologist/  1800,  p.  328  ;  Oppelj  *  raltteoritologische  Mittheiluit- 
gen,*  tab.  72  ;  *  BulL  Geoh  Soc.  France;  1870.  p.  10*  That  it 
does  not  often  do  so  is  no  argument  that  it  was  not  an  operoulom, 
because  we  know  that  many  gasteropods  have  opercula  that  only 
partially  close  the  aperture.  The  general  position  of  tM 
Aptychus,  as  found  in  the  fossils,  is  towards  the  ventral  side 
(outside),  a  little  way  from  the  mouth ;  in  fact,  exactly  covering 
the  spot  in  which  are  the  nidamentary  glands  in  the  Nautilus. 
From  this  it  is  inferred  by  Waagen  that  their  object  must  be  to 
protect  the  nidamentary  gland  of  the  Ammonite ;  and  he  assumes 
that  they  are  formed  by  the  gland  itself,  by  a  deposition  of 
shelly  matter  in  the  tissues.  Dr.  Gray,  in  a  stricture  upon  a 
paper  by  A.  Favre  in  the  'Ann.  &  Mag.  of  N.  H.,'  May,  1873, 
objected  to  this  idea,  because  only  two  Molluscs  are  known  to 
form  shelly  substances  in  their  soft  organs  other  than  the  mantle 
or  foot  And  there  is  considerable  weight  in  this  objection, 
when  we  know  that  in  these  exceptions  the  hard  body  is  not  of 
true  shell-stracture,  as  in  Aptychus,  which  has  a  structure  like 
that  of  an  operculum.  The  Aptychus  might,  however,  be  formed 
by  the  mantle  for  the  protection  of  the  nidamentary  gland ;  but 
if  their  normal  position  is  thus  within  the  shell,  close  beneath 
its  ventral  side,  we  may  well  ask,  what  need  to  protect  an  organ 
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already  protected  by  the  shell  ?  It  seems  to  me  therefore  certam 
that  the  position  in  which  the  Aptychi  are  found  is  not  that 
in  which  they  are  of  use.  We  must  remember  that  the  fossils 
are  remains  of  dettd  shells,  in  which  all  the  mnsoles  wonld  be 
relaxed,  and  the  position  in  which  they  occur  is  that  in  which 
they  then  assume  ;  while  in  life  they  wonld  be  drawn  by  appro- 
priate muscles  into  a  more  transverse  position  with  respect  to 
the  aperture,  and  might  possibly  serve  as  a  protection  to  some 
particular  organ  when  the  animal  was  extruded  from  its  shell — 
perhaps  the  nidamental  gland,  or,  it  may  be,  the  branchisa.  As 
to  the  questions  whether  the  Aptychus  is  found  only  in  female 
Ammonites,  or  whether  some  of  those  found  in  abundance  where 
ammonite  shells  are  not  abundant  in  proportion  belonged  to 
naked  Cephalopods,  we  have  not  sufficient  data  to  decide  them. 

Aptydu  are  sometimes  calcareous  and  in  two  pieces,  when 
they  form  what  has  been  called  Trigondlites,  one  form  of  which 
is  pretty  common  in  the  Yorkshire  Lias,  and  is  known  as 
r.  Whiibyensis  ;  sometimes  the  corresponding  structure  is  homy, 
and  in  one  piece,  when  they  are  known  as  Ana^yehi ;  and  many 
Ammonites  have  as  yet  never  yielded  any  associated  structures 
of  this  kind,  and  are  judged  to  be  without  them.  If  we  seek  to 
discover  the  classificatory  value  of  these  organs,  from  their  com- 
parison with  opercula,  we  are  left  in  some  doubt,  as  there  are 
genera  in  which  these  may  either  be  absent  or  present  in  the 
ififerent  species  {e,g,,  Mitras,  Olivas,  and  Cones),  and  others  in 
which  it  may  be  homy  or  calcareous  (0.^.,  Ampullarias  and 
Naticas). 

We  come  next  to  the  form  of  the  aperture.  It  can  only  be  due 
to  the  rarity  of  specimens  preserving  complete  apertures  that 
this  feature,  of  so  great  importance  in  the  classification  of  gastro- 
pods, has  been  so  entirely  neglected.  The  commonest  form  of 
aperture  consists  in  a  simple  constriction  previous  to  the  termi- 
nation, a  constriction  which,  like  the  varices  of  the  Murtdda^ 
leaves  its  mark  on  the  shell,  in  the  form,  in  this  case,  of 
periodical  depression  on  the  side  of  the  whorl.  In  like  manner 
the  ornaments  of  many  other  species  are  simply  the  relics  of 
former  apertures,  and  by  their  sigmoidal,  biflexed,  or  concave 
form  enable  us  to  judge  of  the  shape  of  the  former.  All  orna- 
ments, however,  are  not  due  to  this ;  and  in  this  case  they  have 
less  classificatory  importance.  The  line  of  termination  of  the 
less  simple  apertures  presents  three  different  forms.  It  may 
either  be  prolonged  on  the  ventral  (out)  side,  or  on  the  dorsal 
(in)  side  ;*  or  may  have  two  lateral  processes,  in  some  instances 
dilating  at  the  extremity,  so  as  to  form  a  disc  supported  upon  a 
stalk.  The  ventral  prolongation  is  probably  for  the  support  of 
the  funnel ;  the  dorsal — occurring  in  those  species  whose  whorls 

*  This  nomenclature  is  exactly  opposite  to  that  of  D'Orbigny  and  other 
naturalists,  who  speak  of  the  outside  of  an  Ammonite  as  its  ^  back  ;'*  but  a 
consideration  of  the  position  the  Hnimal  must  have  occupied  in  life  shows  that 
the  present  is  the  proper  nomenclature. 
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nr©  only  just  in  can  tact — mny  he  for  the  Btrengtlioiaing  of  fli# 
ehetl,  the  mantle  spreading  over  the  former  whorl ;  tmt  the 
object  of  the  laferal  praoefisee  or  anriclea  is  more  doubtful. 
Snees  suppoued  th?it  they  were  pedicles  for  the  attachment  of 
the  muaclee,  and  that  thoae  AiiimonitaB  which  possessed  them 
were  partially  nakedj  and  could  never  withdraw  wholly  into 
their  i^hcll ;  bttt.  this  is  Tendered  improbable^  beeause  these 
auricles  aTO  variable  in  the  same  tipecieb;  they  often  co-exist 
With  a  long  body-chamber,  and  also  with  aptychutj.  Jf  the 
Utter  acted  as  an  opercultimj  the  animal  could  scarcely  have 
been  un  retract  tie.  No  other  Ufie  has  as  yet  been  ttuggesled  for 
them  ;  hut  it  seem^  very  probable  that  they  are  in  some  way 
tiotinected  with  reproductive  proce&sea.  In  eotne  of  the  Am- 
mimiteEi  fromSolenhofen,  both  those  which  present  thcee  auricles, 
and  those  which  have  a  sigraoidal  aperture*  are  «een  curved 
lines  (see  Oppel,  *  Pah  Mitth,/  pL  69,  and  M.  Favre'a  paper), 
which  certainly  represent  the  line  of  attaehment  of  the  mantle 
to  the  nhell,  and  theae  end  at  the  spot  where  the  auricies  begin 
to  be  developed ;  the  portion,  therefore,  of  the  aperture  which 
lies  on  the  dorEial  side  commnnicatee  with  the  ovaries*  which, 
in  the  Nautilus,  lie  behind  the  liti^  of  attachment  of  the  mantle; 
and  thus  we  ai-e  led  to  the  supposition  that  ibe  auricles  will 
act  as  a  pvotection  to  the  extnidod  *>va,  which  may  have  lain  in 
otuatera  between  them  and  the  last  whorl,  as  they  do  in  the 
recent  Argonaut,  in  which  the  enormous  body*chamher  (oon- 
ffti  til  ting  the  whole  «ihel])  needs  no  such  assistance  from  a 
prolongation  of  the  shell.  It  is  worth  remarking,  however,  that 
the  poasMiSteora  of  these  auricles  are  chiefly  (not  exclusively) 
those  whoae  external  6<Jge  is  omamented^  like  the  Argonaut^',  by 
a  double  series  of  knobs,  whoj^  office  is  in  the  ktter  case  to  keep 
the  two  expanded  arms  in  contact  with  the  shell.  And  it  may 
well  be  that  these  auricled  Ammonites  had  also  a  pair  of  expand- 
ing arms,  which  obtained  a  certain  amount  of  support  from 
these  processes ;  but  on  this  I  could  not  insist. 

The  last  feature  of  importance  is  the  length  of  the  body- 
ohamber.  Remarkable  differences  are  found  in  this  respect  in 
the  whole  group,  but  they  are  not  so  noticeable  in  English 
Jurassic  species,  which  generally  have  a  body-chamber  of  a 
length  of  from  two-thirds  to  a  whole  whorl.  Some  Triassic 
forms,  however,  have  very  short  chambers ;  and  it  must,  I  think, 
be  acknowledged  that,  if  associated  with  other  characters,  this  is 
an  important  element  in  classification. 

Of  thet'e  seven  elements — the  spiml  angle  and  its  constancy  ; 
the  retardation  of  the  inner  edge,  or  amount  of  involution ;  the 
general  ornaments ;  the  sutures ;  the  aptychus  ;  the  form  of  the 
aperture ;  and  the  length  of  the  body-chamber — only  the  first 
four  were  made  use  of  until  Suess.  in  1866  (*  Ueber  Ammoniten,* 
Sitz.  K.  Akad.  Wiss.  Wien,  vol.  lii.),  inaugurated  a  new  method, 
by  introducing  the  consideration  of  the  last  three,  less  easily 
observable,  features,  and  giving  names  to  the  separated  geneia. 


.CEFUALOFODA.  267 

It  was,  perhaps,  inevitable  that  this  revision  should  have  come 
from  Germany,  as  English  specimens  showing  these  characters 
have  hitherto  been  of  too  great  rarity  to  give  materials  for  the 
work.  I,  therefore,  think  it  best  here  simply  to  transcribe  the 
table  of  genera  according  to  the  new  scheme,  as  given  by 
M.  Favre  in  the  paper  alluded  to,  only  premising  that  the  con- 
siderations explained  above  lead  me  to  consider  it  a  great  im- 
provement on  our  former  classification. 

GENERA  OF  AMMONITES. 
A*.  Aptychus  ABSENT. 

Chambershort;api«ndagevent«l{  ^^^j^^^f^us. 

Chamber  short;  appendage  don«l {  ^^-K^Jc^ou.. 

Chamber  li— 2  whorls        ..      ..     Abcestes  (Sueas).    Triamc. 
lamber  short ;  appendage  ven-1  m^  xr     ^  \ 

tral;    apertuiil  TargiS    faici-p^*?^«?»*'' (^"'«)- 


Chamber  short 

tral;    apertuia^    ui»>|^aAA    loi^i-/       TrioMzir 
form ;  ornaments  argonaut!  form]       -*"«*»*c. 

B.  Aptychus  PRESENT 


I.  Aptychus  undivided. 

1.  Homy  (anaptychus). 

Chamber    1— i    whorl ;    pointed)  Abietitbs  (Waagen). 

ventral  appendage     f      Triassic  and  Liamc. 

Chamber   }— 1    whorl ;    rounded)  ^EIgoceras  (Waagen). 

ventral  appendage J       Triasnc  and  Liasgic. 

Chamber  i — f  whorl ;  long  ven-)  Amalthbus  (Montf.). 

tral  appendage J       Triassic  to  Cretaceous, 

2.  Calcareous  (sidetes). 

Shell  unknown      Cretaceous, 

II.  Aptydius  divided,  calcareous. 

1.  Aptychus  externally  furrowed. 

Aptychus  thin ;   chamber  short ;)  tj     _  rvn         n 

a^rtural  mar^n  falciform,  with    Harpoceras  (Waagen). 
acute  ventral  appendage  ..)         •/wrcwMc. 


Aptychus  thick;  chamber  short; 

apertural      margin      falciform, 

rounded  ventral  appendage 
('hamber  short ;  with  a  groove  or 

swelling    near     the    aperture; 

margin      with      auricles     and 

rounded  ventral  appendage      .. ' 

Aptychus  thin ;  granulated  externally. 
"'sl^X  !rr"?^mThKrS    SXKPH.KOCKK.S  (Waagen). 


Oppelia  (Waagen). 

Jurassic  and  Cretaceous, 


Haplooeras  (Zitt.). 
Jurassic  and  Cretaceous. 


cles 


Jurassic  and  Cretaceous, 
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Chamber  long;  aperture  narrowed)  pKHTfipHtNCTM  fWaasenT 
by  a  furrow,  simple  or  fumifihed  [  i'^RiSPHliCTM  (  VV  aa^). 
withauricli     „       j       J^^ras^^^dCretace^. 

Chamber  abort ;   aperture  iimpkl  Co6MO€EEA£  (Waagen)^ 
or  farDisht.^  with  aaricicfl        „  {      Jarome  and  CreiaceoM, 

3.  AptycAm  thick  J  amootb,  punctated  eittemaJly, 

?  Chamber  long  jambilicuskrgeO  SiMo««aA*  (Zitt.). 

shell     with     furrows^rentraU       TWumic 
appendage  nasiform  ..      ...J 

Chamber  short ;  apertufBl  jmrpni  ^^^T^^^^Jf  (Zitt). 

There  are  two  other  genera  established  not  included  lu  the 
nbove  Bch^me :  Pinacoceras  f  Maiftis),  of  the  Trias,  between 
ArcesUs  and  TracJiffcerm ;  and  Pe^^tceras  (Waagen\  Jurasait^, 
between  Pertg^yhinKteB  and  Anpidoceras,  There  are  aiao  th©  un- 
coile^i  and  irregular  genera,  Si^aphiiesi^  ttc*  Another  genus  was 
alfeo  establkhed  by  Waagen^  (Ekotraiuties,  for  Ofipcliat  that  had 
H  bend  inwards  iu  the  la&t  whorl,  &s  ScaphiUi  hs&  a  bend  out- 
wardi^,  and  I  think  has  as  mneb  right  to  be  retained  as  the  latter. 
Many  changes  will  no  doubt  take  place  in  this  arrangement 
as  more  attention  is  drawn  to  the  subject,  but  our  only  concern 
at  presdnt  is  with  those  eub-genera  which  occtit  in  our  York- 
shire Lias ;  thefts  are,  Ph^lhetra^,  Ljfiocerosy  Arieiiiet^  Mgocereu^ 
AnmUheuif,  Harpoeeraa^  Stephanacerat^  and  the  oharaotera  of  these 
will  now  be  given  more  in  detail. 

Phylloc^rasj  Suen  {Eetert^ht^Ut}. 

1865.    Siiess.    *Ueber  Aiimiomten«'    Sitz.  K.  Akad.  Wias.  Wien,  lii. 

Ex. :  PhyUocercu  heierophyUum,  Sow.  (Ammonites), 
Shell  involute ;  umbibcus  narrow,  with  fine  striae  or  smooth  ; 
body-chamber  two-thirds  of  the  east  whorl;   apertoral  edge 
simple ;  lobes  very  complicated,  and  numerous,  generally  nine 
on  each  side,  saddles  bladder-shaped ;  no  aptychus  found. 

Lytoceras,  Aiett  (Fimbriati  el  LineaU). 
1865.    Saen.  fee.  eiL 

Ex. :  lAftoceroB  fimbnatum^  Sow.  {Amimoniies). 

Shell  discoid;  umbilicus  large ;  whorls  round,  not  overlapping, 
only  in  contact ;  surface  with  fringed  ribs,  sometimes  smooth ; 
body-chamber  half  a  whorl;  apertural  edge  simple,  without 
auricles ;  ventral  side  very  slightly  produced ;  dorsal  side  with 
a  lappet  lying  on  the  previous  whorl;  lobes  much  branched, 
digitations  small  and  uniform  ;  only  two  side  lobes,  and  a  large 
dorsal  (inside)  one  covered  by  the  former  whorl ;  no  aptychus 
found. 
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Arietites,  Waagm  (Arietei). 

1869.    Waagen.  *  Die  Formenreibe  des  Ammonites  snbradiataa.*    Benecke*8 
'  Palffiont.  Beitiiige/  Bd.  IL,  Heft  2. 

Ex. :  Arietites  Bucklandi,  Sow.  (Ammonites), 

Shell  keeled ;  radiately  ribbed ;  body-chamber  1  to  1  j^  whorls ; 
apertural  edge  simple  with  a  pointed  ventral  prolongation  ;  lobes 
simple,  with  a  homy  anaptychus. 

^goceras,  Waagen  (Capricomi^  maciocephali,  dc). 
1869.    Waagen,  loc.  eit. 
Ex. :  ^goceras  capricomum,  Schloth  (Ammonites). 
Shell,   with   generally  a  wide   umbilicus;   rounded  ventral 
side,  with  radiating  ribs  ;  body-chamber  §  to  1  whorl  ;  apertural 
edge  with  a  thickened  or  drawn-in  lip,  and  a  ventral  prolonga- 
tion;  no    auricles;    lobes    generally    complicated;    with     an 
anaptychus. 

Amaltheus,  Montfort  (Amathei  faldferi,  pars,  de.) 

1808.    Montfort.    '  Goncbytiologie  Systematiqne,*  I.  p.  91. 
1869.    Waagen,  loe.  eit. 

Ex. :  Amaltheus  margaritatus,  Montfort. 

Shell  with  pretty  straight  radii,  bent  forwards  near  the 
ventral  side,  which  is  keeled  or  smooth ;  body-chamber  i  to  f 
whorl;  apertural  edge  simple,  having  on  the  ventral  side  an 
incurving  spoon-shaped  process;  lobes  not  very  simple,  but 
broad ;  with  an  anaptychus. 

Harpoceras,  Waagen  (Falciferi,  Disci,  pars,  de.). 
1869.    Waagen,  loe,  eit. 

Ex. :  Harpoceras  radians,  Eein.,  sp. 

Shell  with  sickle-shaped  sculpture;  ventral  side  keeled  or 
xonnded;  body-chamber  ^  to  ^  whorl;  apertural  edge  with 
auricles,  or  sickle-shaped;  ventral  process  pointed,  or  round; 
lobes  little  denticulated,  not  bladder-shaped ;  aptychus  more  or 
less  furrowed  externally. 

Stephanoceras,  Wcuigen  (Coronarii,  dc). 
1869.    Waagen,  loe.  eU. 

Ex.  :  Stephanoceras  commune,  Sow.,  sp. 

Shell  ornamented  with  rings  which  are  broken  on  the  ventral 
side,  no  constrictions ;  body-chamber  1  to  1+  whorls ;  apertural 
edge  simple,  with  a  raised  lip,  a  few  only  with  auricles  in  youth  ; 
ventral  process  rounded ;  aptychus,  thick  warty. 

The  Ammonites  of  the  Yorkshire  Lias  have  always  attracted 
a  considerable  amount  of  attention  on  account  of  their  abundance 
and  variety,  and  many  names  have  been  assigned  to  them,  more 
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ti  ven  tliati  they  act u ill  ly  req u i red.  You n g  £iiid  Bi  rd  it  iat  j og^  i ahed 
43  speoieeif  b<»ftide»  two ^4.  kef^rophifUus  and  ^.  w&^»rtRa/iu,  tbat 
they  deaerilied  m  Nautili;  of  these  15  were  adopted  from 
Sowerby's  Mineral  Couchology,  4,  however,  being  synonjniic  or 
wrongly  identified  and  4  also  of  their  own  names  must  be 
reckoned  as  synonymic,  leaving  37  known  to  them,  bnt  in  many 
cmses  obsoiireiy  described.  To  these  Phillips  added  12,  of  which 
3  wei^  varieties  of  those  already  notioed^  2  were  non^liassic, 
5  were  for  the  firai  time  reooguised  in  Yorkshire^  and  2  were 
now,  bringing  the  toftal  to  44.     In  1 843  Simpson  pnblished  a 

*  Monograph  of  the  Ammonites  of  the  YorkshiFe  Liiis/  without 
any  figitree ;  in  this  he  enumerated  108  epeeiei^  of  which  50  were 
ftuppQ«CMl  to  be  new*  Many  of  his  names,  however,  both  original 
tmd  adopted^  were  after  warden  superseded  in  16^5  by  his  "^  Foseili 
uf  tho  Yorkshire  Lias,^  in  which  191  names  were  applied,  which 
ineludrd  all  ihoBe  that  had  before  been  ns^  Three  of  the^  are 
applied  to  non-Uassic  shells  by  mistake,  but  I  cannot  agre^  with 
loa  author  in  considering  all  the  remainder  as  siLfficienlly 
dirtbi^t  fmm  each  other  to  deserve  a  specific  name,  while  some 
lie  in  my  opinion  the  young  of  others^  and  some  are  described 
from  inmCGeient  mj^terisL  AfW  all  «iich  dedtietiotia  we  find 
tbft  total  numln^r  raised  to  89,  of  which  ^  go  under  older 
BWIMA  than  Simpaon'a,  and  5  ar&  adopted  on  hm  auihority 
•lone  AS  I  hare  not  seen  them^  In  the  fiiltowing  jeau-  Chmei 
HOoniMCil  seYenJ  of  tbette  under  their  proper  names,  and  added 
m  aSditionai  fbnu  {Sfxmamm^  ;  and  the  tmxd  editiugi  of  PhUlipa'a 

*  QpoAo^  f)f  Yorkshire "  amitaim  two<wn«clioiuG  of  nameew  bat  ndda 
no  2iip«e>e^  Our  additions  consist  of  20  r^cogniied  tn  Torkshlrv 
for  thi^  drst  time  and  4  new  ^lectee^  and  we  now  reckon  a 
total  of  113  dewTfing  of  a  speidne  name  tikat  are  loMnrn  to  vs, 
and  6  more  that  have  been  already  described  bat  which  I 
cannot  identify^  and  I  have  been  unable  to  see  them. 

Althoagh  for  stratigraphical  purposes  the  gmeral  name 
AmmamUm  is  retained  at  present ;  yet  to  help  forward  the  transi- 
tion to  the  better  system  I  shall  describe  th»n  under  the  beads 
of  the  smaller  genera  above  d^ned,  altering  the  termiiyation  to 
agree  with  the  gender,  and  not  putting  ^  ^**  after  each  quota- 
tion, beoauj^  nii  the  forms  have  hitherto  be^i  called  *^  Am- 
■MHutea."* 

iEgoceras  planorbis,  &«ipri>jpL 

S^^    1$BL    IV^yiNi.    Pliaii|«^      t^«cit  T.Y«L,  t  19k  %.  ziiL 
1«IS.    Si»|«oa.    ^1I<»L  Am.'a«iill;»3iX'PMi.T.  L.  PL43L 

Tlie  fattened  specim^iis  obtained  from  the  ciajs  <X  CSiff 
agTCi^  with  Sowerbj  s  trp^  a^  do  llMse  in  she  EsIoa  gypssu  pit, 

^  <Wl5  Avw  w4f rwiciiis  aw  Wt»  i^raa  tktf  dnJ  vii4  Ttvis^vv  ^ 
<ra^»wriiMa*y  tfartl»  jiiiiiitMiia^rftl^aMwv 
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but  the  more  perfect  specimeos,  which  are  obtained  from  blocks 
of  limestones  washed  up  by  the  sea,  and  which  have  long  been 
known  under  the  local  nameof  il.  erugahu^  are  a  little  less  involute. 
Their  association  with  fossils  elsewhere  unknown  in  the  horizon 
to  which  this  species  gives  Hb  name  seem  to  indicate  that  they 
belong  to  slightly  later  beds.  Two  varieties  are  found  in 
Yorktthire  and  elsewhere  (corresponding  to  the  A,  psilonotus 
UboU  and  A.  p,  pliccUua,  of  Quenstedt),  one  smooth  and  the 
other  with  light  bent  ribs.  Some  specimens  show  the  body- 
chamber  to  be  f  a  whorl,  and  the  aperture  to  have  a  slight 
constriction  behind  it  and  forming  a  slight  ventral  process,  but 
no  anaptychus  has  been  yet  found  in  them  here. 

Geological  position. — Zone  of  A,  pianorhis,  N.  Cliff,  Robin 
Hood's  Bay,  Eston  and  E.  Goatham  pits. 

^goceras  Johnstonl,  Sowetby. 

1824.    'Min.  Conch./  pi.  449,  fig.  1. 
Syn.    1843.    Belcheri.  Simpeon.    '  Mon.  Am.,*  and  *  Fo«8.  Y.  L./  p.  43. 

This  is  associated  with  ^g,  angidatum  at  N.  Cliff,  but  also 
descends  to  a  lower  level.  The  ribs  are  sometimes  more  nume- 
rous and  slender,  sometimes  fewer  and  the  back  almost  angular. 
It  also  occurs  in  nodules  on  the  coast  and  in  situ  at  Redcar.  It 
is  nearly  allied  to  the  ribbed  variety  of  .^^.  planorhis, 

Oeological  position, — Zone  of  A,  planorhis^  Cliff,  Robin  Hood's 
Bay,  Coatham  Marsh.  Zone  of  A.  anguJntus,  Cliff,  Leigh  Dam, 
Scar,  Eston  Pit. 

Mgoceros  angulatum,  SMotheim. 

1820.    *  Petrefaotenkande,'  p.  70.    Qnenstedt. '  Jam,  t.  3,  figs.  1-2. 
1856.    Oppel.    *  Juraformations,'  p.  75. 
1875.    Phillipe,  foe.  ct«.  3rd  ed.  p.  78. 
Syn.    1822.    Redcarensu.    Young  and  Bird.    *  GpoI.  Suirey,'  p.  258. 
non.  pi.  xiv.  fig.  10. 
1855.    Simpaon.    *  Fossils  Y.  L./  p.  100. 
„       JEi^pioLU.    Simpson,  loe,  cit.  p.  49. 
non  angtUiferus.    Phillips. 

This  was  first  recognised  by  Young  and  Bird,  but  the  figure 
given  is  erroneous.  It  was  identified  by  Oppel  as  belonging  to 
file  previously  described  species  of  Schlotheim.  There  are  two 
varieties :  (a)  most  involute,  the  outer  whorl  being  more  than  } 
the  diameter — the  common  Redcar  fossil ;  (ft)  less  involute^  with 
outer  whorl  J  the  diameter,  occurring  chiefly  in  the  southern 
area.     The  largest  known  is  about  3  inches  in  diameter. 

The  A.  cBqucUis  of  Simpson  is  a  peculiar  form  of  the  latter 
variety  appearing  from  its  matrix  to  come  to  slightly  higher 
beds  than  usual,  but  it  is  only  a  fragment. 

The  A.  anguliferus  of  Phillips,  identified  by  Oppel  and 
Phillips  with  this  species,  is  firom  the  Middle  Lias,  and  I 
consider  it  a  variety  of  ^g.  mprieomum. 
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The  front  iB  elevated,  and  the  numerous  atrong  riki  run  to  wu 
ttugle  in  tbe  middle,  where,  however^  they  become  less  marked 
ttud  are  Kuhordinate  to  the  ps^tido  keel,  tu  which  they  ar« 
joined.  The  ribs  are  closer  to|(ether  than  in  ^tj.  raricestaium^ 
and  the  whork  ni-e  more  inflated.  In  another  specimijn  there  ia 
a  tendency  to  a  tuhi:ficle  at  the  turn  of  the  nha,  I  have  only 
»een  two  examples  of  thU  in  the  Leckenhy  OoUecticin  mider  the 
name  jSjwitffltt*t  Bean  MS.,  which  1  have  adulated, 

Oeologiml  j>o«i"^*t>ii*  —  Probably  soue  of  A*  BuMfindit  Robin 
Hood  «  Bay. 

jEgoceras  (7)  vilicola,  Oumortier, 

ia67-     *  Eiuilea  Fftl,  but  1«i  Depota  Jaru«aiqui*«,'  YL  II.  pi,  xxxi.  flga.  &-i:i. 

A  single  eaiam|de  iu  the  Leckenby  Oollection.  It  ia  a  near 
aily  of  the  last, 

Geoiogkal  j>o«Vi<w*—^ Probably    scone   of    A,   Bucklandi  qt   A. 

MgocerBB  ntgrum,  %w,  nm% 
PL  Yh  fig.  6. 

Small,  oompresaed^  four  whorls  exposed^  centre  depreaaed,  last 
whorl  ^  of  th()  diameter,  inner  whorla  i^  concealed,  sides  nearly 
flftt  for  the  inner  two-thirds,  then  liend  at  a  marked  angle 
towards  the  front,  on  which  they  meet  at  a  little  more  than  a 
right  angle.  Shell  constantly  present,  traosverfiely  striated, 
Btrim  bending  forwardu  on  the  front,  most  marked  where  they 
mtet ;  diamtter  J  inch,  thickne^^ifi  I  inch. 

Suttires  only  seen  in  the  innermost  whorls. 

This  species  has  a  very  distinct  appearance,  differing  from 
JEg.planorhe  in  its  angular  front  and  sudden  bend  on  the  side.  It 
has,  in  its  present  state,  a  remarkably  black  colour,  which  has 
suggested  its  trivial  name 

Oeological  position. — Zone  of  A.  BucJclandi,  Robin  Hood's  Bay. 
With  ^g,  Birchii  (4  exs.). 


iEgoceras  Birchii,  Sowerhj. 

Ig20.    *Mm.  Oonch.'ph567. 
1855.    Simpson.    •  Foegila  Y.  L./  p.  68. 
8yii.    1855.    Bitpieatus.    Simpson,  2oc.  cit.  p.  102. 

I  have  not  seen  A,  hispicaiuSy  but  can  see  nothing  in  its  descrip- 
tion to  prevent  its  being  an  old  A.  Birchii,  which  may  become  a 
little  more  involute  wifli  age. 

Geological  position,  —  Zone  of  A,  Bucklandi,  Redcar  (Tate), 
Robin  Hood's  Bay. 
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^goceras  Scoresbyi,  Simpson. 

1843.    '  Mod.  Am.,*  and  1855,  *  Fossils  Y.  L.,*  p.  69. 
Syn.     1867.    Locardi  Dumortier.     *  Dep.  Jur.,*  Pt.  11.  pi.  xxvi.  figs.  1-3. 

This  species  may  be  shortly  described  as  an  JSgoceras  Birchii, 
in  which  the  whorls  are  more  rounded,  and  the  ribs  are  so  strong 
that  they  quite  obscure  the  tubercles,  especially  the  inner  ones. 
Indeed,  Dumortier  Bays  of  his  A,  Locardi^  that  it  has  only  one 
range ;  but  his  figure  shows  a  rising  towards  the  inside  of  each 
rib,  which  proves  it  only  to  be  an  extreme  form  of  this. 

Geological  position, — Lower  Lias,  Robin  Hood's  Bay.  Simpson 
(1  ex.  in  Whitby  Museum). 

^goceras  planicosta,  Sowerhy, 

1814.  '  Min.  Conch..*  pi.  Ixxiii. 

1855.  Simpson.     *  FossUs  Y.  L./  p.  45. 

Syn.    1830.  Ziphws.    Zieten.  *  Veret.  Wiirtembergs,*  tab.  ▼.  fig.  2. 

1843.  mammillattu.    Simpson.     *  Mon.  Am.,'  and  1855,  *  Fossils 

of  Yorkshire  I^ias,'  p.  67. 

1855.  StphuncuIartH.     Simpson,  lor.  rit.  p.  88. 

„  Omvoluiun.     Simpson,  lor.  eit.  p.  43. 

This  is  most  commonly  met  with  in  the  typical  form,  but  in 
some  the  outer  whorls  develop  great  tubercles  while  the  inner 
whorls  are  of  the  typical  form.  This  feature  sets  in  sooner  in  some 
and  later  in  others.  When  thus  developed  we  have  the  A,  ziphus  of 
Zieten,  and  the  A.  mammiUatus  of  Simpson.  The  A.  siphunadaris 
of  the  latter  author  is  merely  one  in  which  the  matrix  has  only 
been  consolidated  round  the  circumference,  forming  a  kind  of 
surrounding  cord.     His  A.  convoltUus  is  small  and  immature. 

OeologiccU  position. — Zone  of  A.  oxynotus  (towards  the  base), 
Kobin  Hood*s  Bay. 

^goceras  gagateuixii  Young  and  Bird. 

VI  VI.,  fig.  8. 

1822,  8.     '  Geological  Survey,'  pi.  xil.  fig.  7. 
1845.     Simpson.    *  Fossils  Y.  L./  p.  45. 
Syn.     1842.     Turrilites  CoynoHi.  D'Orbigny.   *  Terr.  Jur.'  pi.  xlii.  figs.  4-<T. 
1855.     SeglectvfytntegrieosicUutt.cerewijiUfituti     SimpHon.     'Fossils 
Y.  L.;  pp.  45-7.  39. 

Neither  the  description  nor  figure  of  Young  and  Bird  give  a 
g(X)d  idea  of  this  shell,  though  their  name  for  it  derived  from  *'  the 
smaller  showing  their  prominent  ribs  like  rows  of  jet  beads,"  is 
very  speaking  to  a  local  collector.  It  is  intermediate  in  form,  as 
in  time,  between  ^g.  planicosta  and  .^.  capricomum,  but  it  is 
cut  off  as  sharply  from  either  as  its  range  is  limited.  The  ribs 
are  very  prominent,  and  the  inner  edge  of  the  whorls  are  re- 
markably elevated,  almost  overhanging.  It  is  sometimes  a 
little    one-sided,    so  that  it  mav  be   the    Turrilifps  Copiarti  of 
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l)*Orl>igiiy.     It  thtea  nat  ?arj  mucli,  and  the  iynonjms  DelSng 
to  nothiug  remarkable. 

Qmlogicai  ^^dlwn, — ^ZoDe  of  A.  ojcrfmtm,  of  which  H  is  highly* 
uharacterwtic,   Babia  Hood*a  Bay,  VVarter  and  Market  Weightcrti.J 

^gocaras  sagittariunij  S^.  ikhj. 
VI  VIL,  fig.  2. 
SjTi.    JamtfWRt  (pftTs).     Sowerby  and  Sim  peon. 

This  species  has  lotig  been  confounded  with  jE</*  Jamr^fmi^  to 
which  it  is  somewhat  i^iniilar,  bit  it  b  really  different  and  oomee 
from  a  different  horizon.  Speeiiuens  are  geuerally  only  outer 
whorl 9,  but  the  description  and  figure  are  taken  from  a  spec! men 
in  th«  Cambridge  Museum,  which  show^w  the  inner  whorls, 
Whorle  5,  compressed,  hut.  uniformly  round  «*d ;  lust  whorl 
^  diameter,  inner  whork  ^  concealed  :  radii  straightj  moderately 
elevated  and  rounded,  23  in  a  diameter  of  3  inches,  meeting  on 
the  front  with  a  elight  elevation  runniug  longitudinaUy  from 
point  to  point;  diameter  2-6  inch©©:  Hutnres  like  thoay  of  the 
gonuH  Arteiileg,  Tbi**  differs  from  ^g.  tfoMe^oni  in  the  oval  8ha|>e 
of  whorlft,  the  straightnefiS  of  the  ribs  and  their  union  by  a  lino 
along  the  front. 

GeAjlogiml  position. — Zone  of  A.  ws^notus  fba^e),  Ifobin  HoodV 
Bay, 

iEgoceras  (7)  rarlcostatunii  Ektm, 

^RW.     '  Pt^tTBf.  Worti^mbergii.*  |J.  \\\\.  fig.  4. 
Ryti  ?  1855,     Kxortuit.     Simpsou.     '  FoasUa  Y.  L./  p.  4i* 

The  young  forms  are  somewhat  like  the  young  of  the  next, 
but  differ  by  a  slight  appearance  of  a  keel.  I  have  not  seen  the 
A.  exortus  of  Simpson,  but  its  description  would  lead  to  its  iden- 
tification with  this. 

Geological  position, — Zone  of  A,  oxynotus  (top),  Kobin  Hood*8 
Ba}',  in  hard  nodules. 

^goceras  obsoletum,  Simpton. 
PI.  VII.,  fig.  1,  a,  6. 

1843.  •  Mon.  Am.,'  and  1855,  *  Fossils    Y.  L.*  p.  59. 

Syn  (adult).    1849.  Armatu*  denHnodut,  *  Gephalopoden,' tab.  iv.  fig.  18. 

1856.  Deniinodue,    Oppel.    *  JoraformatioDS,' p.  89. 

Syn  (Jan.).      1855.  Vitreut,  eereus.    Simpson,  loc.  cii.  p.  46,  47. 

1856.  Subplanicosta.    Oppel,  loc.  cii.  p.  89. 

The  name  A.  densinodus  has  been  used  for  this  species  in 
Part  I.,  but  Simpson's  name  has  priority.  The  shell  is  com- 
pressed, the  whorls  flat,  five  of  tliem  exposed,  uncovered ;  the 
last  whorl  ^  diameter  ;  numerous  straight  ribs,  with  accompany- 
ing strifio ;  there  is  a  very  slight  knob  half-way  across  the  radius, 
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and  a  stronger  one  at  the  turn  on  to  the  front ;  these  latter  form 
a  very  reguJar  series,  like  dewdrops  surrounding  each  whorl ; 
front  narrow,  with  a  very  faint  mid-line ;  diameter  4  in. 

In  the  young  state,  specimens  of  which  accompany  the  adults 
in  abundance,  or  may  be  picked  out  of  their  centre,  the  ribs  are 
much  sharper,  and  are  without  tubercles,  and  sometimes  pass 
over  the  front.  It  then  looks  more  like  A.  plantcosta  than  its 
own  adult  form,  and  has  therefore  been  called  A.  suhplanicosta  by 
Oppel. 

Geological  position. — Zone  of  A,  oxynotus.  In  almost  every 
nodule  of  a  certain  band  in  the  upper  part  of  the  zone  at  Kobin 
Hood's  Bay.     Londesborough, 

JSgoceras  armatum,  Sowerhy. 

1815.    '  Mln.  Con.,*  t  95. 

1855.    SimDflon.   ^  Fossils  Y.  L.,'  p.  64  (non  Young  and  Bird). 
Syn.  (adult)  ?  1822,  8.    JUastatue.    YouDg  and  Bird,  he.  eit  pi.  xiy.  fig.  2. 
1855.    Miles.    Simpaon,  loc.  cU.  p.  65. 
(Sen.)     1855.    Hadtitus,  ijdccUus,  9ubtriangvlari$t  armiger,  HamiUoni. 

Simpson,  loe.  eit  p.  64-67. 
(Jun.)     1855.      ChoenenHSf  tubeUut  (pars).  Simpson,  loe.  eit  pp.  64, 42. 

The  confusion  that  has  existed  about  this  species  is  remarkable. 
Some  portion  of  Sowerby's  description  seems  to  have  puzzled  the 
local  palaeontologists.  His  typenspecimen  is  one  of  many  which 
may  be  found  even  now  just  north  of  the  village  of  Robin  Hood*s 
Bay,  where,  I  am  told,  they  have  been  occasionally  obtainable 
by  basketfuls.  It  is  smooth  when  3'oung,  in  which  state  it  has  been 
noticed  by  Simpson,  who  remarks  upon  his  species  that  they 
have  tubercles  towards  the  end  of  their  body-whorl.  Sowerby  s 
form  was  from  middle  life ;  and  when  the  species  grows  old,  its 
tremendous  spines  are  not  very  constant  in  form  or  position, 
whence  it  has  obtained  various  names ;  but  none  of  these 
80- called  species  are  known  j^oung,  except  as  the  ordinary 
.^.  armatum.  Young  and  Bird's  A.  hastatus  is  drawn  more 
involute  than  JEg,  armatum  is,  and  may  belong  to  one  of  the 
other  armed  forms. 

Geological  position. — Sub-zone  of  A.  armatus  (characteristic), 
Kobin  Hood's  Bay,  Warter,  High  Stones  Redcar. 

Beeddas  ^g.  armatum^  in  which  the  ornamentation  is  regular, 
and  of  which  the  identification  is  always  easy,  there  is  a  series  of 
Ammonites  associated  with  it,  whose  chief  character  is  ir- 
regularity of  ornament.  Forms  of  this  series  have  been  figured 
by  Dumortier  under  the  names  of  Morogensis  and  gubmuticus,  but 
they  cannot  be  satisfactorily  identified  with  Yorkshire  specimens, 
which  thus  remain  peculiar.  The  young  state  of  these  shells  is 
like  the  A.  Grenouilhuxi  of  D'Orbigny.  Of  these  and  their  young 
many  hpecies  have  been  made  by  Simpson ;  but  after  examina- 
tion of  a  good  number,  three  namo«  appear  to  be  sufficient: 
aculeaiumy  validum^  sociale. 


^ 


27&  ^kh^mwrnumr, 

j^gocfiras  aculeatum,  Smpmm* 
Plate  VIK,  %,  4 
liia.    '  Mon,  Am/  Mid  ll^'iS,  •  Fmailu  Y,  L./  p.  GG. 

Y,  L/  p.  H%  63* 

SjB.  (jnn).    ISiS.   Mar^hallam.    Sunpsciu.    ^  Mon.  Am./  And  1835,  ioc.  cil. 
p.  62. 

Tliia  hiis  a  aotnewhat  siioiJar  form  to  .^,  aruMilttfii,  but  \» 
mOfO  involute*  lu  youth  it  is  umbi  licit te«  and  resei^ibtes  A^ 
Ofm(fUtlloti3pi  (D'Orb,),  each  n^dius  ending  in  a  ^mall  knol.>,  and 
tho  front  being  depr^sMeti.  This  fovnis  tbe  j1.  Marshi^lani  of 
Simpson.  Ah  it  grows  obUr,  however,  tho  wbork  booome 
mutided,  the  rlhg  beoome  irregular  and  m*>pe  nitmerous,  and 
every  now  and  then,  but  not  til  equal  intiamdii,  the  radii  are 
motie  elevated,  or  are  provided  with  compftrativdlj  small,  sharp 
tubercles,  or  botk  The  radii  are  moro  marked  ovej-  the  front, 
wheru  they  are  finely  fimbriated,  than  on  the  aidee.  The 
sutures  are  of  the  eame  kind  as  in  .J^.  Qrmatum^  but  more  com- 
plicated,  and  tht*ir  details  distinguish  it  from  M*j.  ^tociale.  It 
variiM  in  the  number  and  re^ilaritv  of  the  taberulew,  find  in  the 
inflation  of  the  whorls,  whence  the  synorijTns.  I'he  44,  mutaius 
of  Simpw:)n  1  have  not  seen,  but  I  tliink/by  ita  de^cliption,  it 
mtifit  beionff  herc^ 

GevhgircU pffi^ititm.  — ^ub-Kone  of  A.  annatw,   Kobln  Hood's  Bay, 


I 


Syn.     1822,  8.    Armatus.     Young  and  Bird,  pi.  xiv.  fig.  3. 

".  pi.  btviii. 


iEgoceras  validum,  Simpson, 
PL  viL  lig,  a. 

1«55.  '  Foaaila,  T.  L.,'  p.  62, 
1822,  8.  Armatus.  Young  a 
1855.     Nativus.    Simpson,  loc.  dt 

This  has  the  same  general  form  an  JEg,  aculeatum,  but  is  more 
robust,  the  last  whorl  being  broader  than  high.  The  radii  are 
£Eur  more  regular  and  straight,  but  are  ill-defined,  confiisting 
rather  of  transverbe  swellings  within  the  large  knobs;  on  the 
front  the  ribs  start  from  these  knobs  and  separate  into  pairs  or 
triplets,  to  unite  again  on  the  other  side ;  they  are  very  coarse. 
In  the  outer  whorls  the  radii  become  less  regular. 

The  A,  nativus  of  Simpson  is  a  step  from  this  to  .^,  actt^ea/um, 
as  it  has  the  ornaments  more  irregular. 

Chological  position,  —  Sub-zone  of  A,  armatus^  Robin  Hood*s 
Bay  (5  exs.). 

2Egoceras  sociale,  Simpson. 
PI.  VIL  fig.  6. 

1855.     *  FoMila  Y.  L./  p.  S9. 
Syn.     1843.    Plicaiilis.    Simpeon.    *  Mon.  Am.'  (non  Sowerby). 
1855.     Involuhu.     Simpaon.     *  Fossils  Y.  L..*  p.  39. 

The  general  build  of  this  species  is  that  of  jEg»  aculeatum  but 
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it  has  no  tubercles  in  the  adult.  The  radii  are  equal,  and  pass 
undivided  over  the  front,  where  they  are  very  r^ular  and 
obscurely  fimbriated.  The  inner  whorls  are  about  ^  concealed. 
The  sutures  are  like  those  of  ^g.  acideaiwn,  but  the  chambers 
are  longer. 

It  is  possible  the  Hauer's  species.  A.  Baggazani  (*  Ueber  die 
Ammoniten  aus  Medolo,'  1861.  figs.  16,  17),  may  represent  this 
form  abroad,  but  the  whorls  of  that  species  are  more  inclined  to 
be  transverse. 

Geological  position. — Sub-zone  of  A,  armatus^  Robin  Hood's  Bay 
(5  exs). 

^goceras  tubellum,  Simpson. 

PI.  v.,  fig.  7. 

1855.    '  Fossils  Y.  L.,*  p.  42  (para). 

It  is  with  great  doubt  that  I  admit  this  species,  it  is  so  like 
the  young  of  ^g.  armaiumy  and  is  associated  in  the  same  beds 
with  it  at  Robin  Hood's  Bay;  but  the  more  rapidly-enlarging 
whorls  and  trumpet-shaped  mouth  may  serve  to  distinguish  it. 
Its  aperture  is  elliptical,  and  there  are  signs  of  sigmoidal  radii. 
Those  wliicli  are  quoted  by  Simpson  as  showing  signs  of  tubercles 
I  exclude,  and  associate  with  ^g,  armatum. 

Geological  position.  —  Sub-zone  of  A.  armaius  (base),  Robin 
Hood's  Bay  (5  exs.). 

^goceras  Taylori,  Sowerby. 

1826.  *Min.  Con.,'pl.  514. 

Syn.     1843.  Comutus.    Simpeon.     *  Mod.  Am.' 

1844.  Lamellosus.    D*Orbigny.    *  Terr.  Jur.,'  tab.  84. 

1855.  Comutu8f  quddricomutus.     Simpson.     *  Fossils  Y.  L.,'  p.  71. 

The  two  varieties  of  this  rare  shell  which  Quenstedt  indicates 
by  the  names  nodosus  and  costatus  are  very  dissimilar,  and 
their  scarcity  in  Yorkshire  would  have  prevented  their  being 
united ;  but  as  they  occur  together,  and  the  mobt  tuberculated 
form  is  seen  itself  to  vary  in  the  number  of  tubercles,  as  noticed 
by  Simpson  and  marked  by  his  two  names,  we  are  not  in  a 
position  to  overrule  the  dictum  of  foreign  geologists,  that  they 
must  be  considered  one  species.  We  may,  however,  designate 
the  less  tuberculated  form  as  var.  lameUosum^  the  presence  of  which 
does  not  seem  to  have  been  noticed,  or  it  would  certainly  have 
received  a  name. 

Geological  position. — Sub-zone  of  A.  armatus,  Robin  Hood's  Bay 
(6  exs.). 

^Egoceras  Jamesoni,  Sowerhy, 

1827.    'Min.  Con.,'  tab.  555,  fig.  1  (non  Simpson). 

This  species,  with  quadrangular  whorls  and  undulating  ribs 
passing  over  the  front,  though  giving  its  name  to  a  zone,  is  by 
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no  means  so  common  as  might  hence  be  expected ;  and  it  is  only 
in  the  area  north  of  Whitby  that  specimens  can  be  satis&ctorily 
identified  as  belonging  to  it  Those  from  Kobin  Hood's  Bay  and 
elsewhere  so  called  are  mostly  a  different  species,  which  I  have 
described  as  JEg,  acufiUariam,  and  which  belongs  to  a  different 
zone.  In  this  area  the  allied  ^g.  hrefoispinam  takes  its  place  as 
a  characteristic  fossil. 

Qeological  pontion, — ^Zone  of  A.  Jamesoni  (characteristic), 
Bockcliff,  Huntcliff,  Coatham  Scars,  Normanby,  Easby,  Robin 
Hood's  Bay. 

JSgoceras  brevispinumi  Bovoerby. 

1827.    *  Min.  Con.'  pi.  556,  fig.  1. 
1855.    Simpson.    *•  Foflsils  Y.  L.,'  p.  69. 
Syn.    1855.    Aureus,  tenuUpina  i    Simpson,  loc.  eit. 

The  A.  aureus  of  Simpson  I  regard  as  the  young  of  this.  His 
A.  ienuupina  I  have  not  seen,  but  judge,  from  its  description,  that 
it  is  a  well-preserved  yoimg  example  of  the  same. 

Oeologicai  position. — Zone  of  A.  Jamesoni,  Robin  Hood*s  Bay, 
Huntcliff,  Normanby,  Osborne  Rush  Pit,  Upsall. 

^goceras  Regnardi,  D'Orbigny. 

1844.    'Terr.  Jur.,^    tab.  72. 
Syn.    1855.    Ignotus,    Simpson.    *  Fossils  Y.  L.,'  p.  61. 

This  I  distinguish  from  ^g,  Jamesoni,  with  which  Oppel  unites 
it,  by  its  more  numerous  ribs  and  their  great  tendency  to  put 
on  tulHjrcles  at  the  turn  on  to  the  front. 

Geologiml  position, — Zone  of  A,  Jamesoni,  Huntcliff  (3  frag- 
ments). 

^goceras  Heberti,  Oj/jyeL 

1850.     Sluraformutions/ p.  158. 
Syn.     1844.     Brcvispinum,     l)'Orbi.i;ny.     'Terr.   Jiir.,'  pi.  Ixxix.    (non 
Sowerby). 

Oppel  gave  this  uanio  to  the  sliell  fij::ured  by  D'Orbigny  as 
above,  wliich  diQers  fruiu  u^tj.  hrcnsjunum  in  the  more  rapid 
increase  of  the  whorls  aud  the  feebleness  of  the  rib.-^.  The  only 
example  I  have  seen  is  in  tlio  York  ^luseiim,  and  agrees  per- 
fectly with  D'Orbi^uy's  figure. 

Geological  position. — rnknown,  but  probably  sub-Z(.»ne  of  A. 
armatus. 

^goceras  Grenouillouxi,  lyOrhigny. 

1844.     'TtTr.  Jur./pl.  xcvi. 

The  prcH>f  that  this  is  a  true  species  as  distiuet  from  the  young 
oi  JEij.  nrulfatnrn,  which  much  resembles  it,  i.s  that  its  ribs  aud 
exterior  tubt>reles  are  more  regular  and  the  sutures  are  dilb  rent. 
It  als»  is  generally  more  transverse. 
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Oeologiccd  position. — Zone  of  A.  Jamesoni^  liobin  Hood's  Bay 
(4  exs.). 

^goceras  striatum,  Beinecke. 

1818.    '  Nautilos  et  Argonautas/  figs.  65,  66. 
1822,  8.    Heptangtilaris.    Young  and  Biid,  loc.  cU.  pi.  xiv.  fig.  1. 
Syn.    1844.    flcnfoyt.  D'Orblgny.   *  Terr.  Jur.,*  tab.  Ixxxiii.  (non  Sowerby). 
1855.        „  Simpson.    •  FosbOs  Y.  L.,*  p.  70. 

In  the  true  ^g.  striatum  the  whorls  increase  rapidly  in  every 
dimension,  leaving  a  narrow  and  deep  umbilicus,  in  which  less 
than  half  the  inner  whorls  are  visible.  It  must  not  be  con- 
founded, as  has  generally  been  done  on  account  of  the  similarity 
of  ornaments,  with  .^.  Henleyi,  which  is  more  evoliite  and  has 
a  peculiar  history.  The  distinctness  of  the  two  species  was  seen 
by  Young  and  Bird,  but  has  since  been  lost  sight  of  by  several 
authors. 

Geological  position. — Zone  of  A.  Jamesoni  (rare,  at  the  top), 
Bobin  Hood's  Bay,  Rockcliff,  Huntcliff. 

^goceras  Henleyi,  Sowerhy, 

1817.    *  Min.  Ck)n.,*  pi.  clxxii. 
Syn.     1822,  8.    Heterogenes,    Young  and  Bird,  loc,  cU.^  pi.  xiv.  fig.  7. 
1844.     Hybrida.    D'Orbigny.    *  Terr.  Jur.,*  pi.  Ixxxv. 
1855.    Heterogenes.    Simpson,  loe.  cit,  p.  Gd. 

Sowerby's  figure  represents  fragment  of  the  outer  whorl  only, 
which  is  similar  to  that  of  JEg,  striatum^  and  has  therefore  been 
generaUy  confounded  with  it.  But  it  is  more  evolute  and  less 
tumid.  In  this  species  the  young  form  is  very  similar  to  that  of 
^g,  capricomum,  which  has  led  to  the  idea  that  this  is  only  the 
adult  form  of  that  species,  but  this  latter  grows  to  as  large  a  size  as 
any  ^g,  Henleyi  without  showing  any  of  its  peculiar  ornaments, 
and  two  species  may  certainly  be  similar  when  young.  Its 
change  is,  however,  certainly  very  remarkable. 

Geological  position,  —  Zone  of  A.  capricomus,  Huntcli£f,  Robin 
Hood's  Bay. 

^goceras  Bechei,  Sowerby, 

'  1821.     *Min.  Conch.,'  pi.  cclxxx. 
1855.    Simpson.    •  Fossils  Y.  L..'  p.  70. 

Geological  position. — Probably  zone  of  A,  Jamesoni  (3  exs.). 
^goceras  Capricorn  um,  ScUotheim. 

1820.    *  Petrefiactcnkunde,'  p.  71. 
Syn.     1822,  8.    Mactdatut.    Young  and  Bird,  loc,  cit.  pi.  xiv.  fig.  9. 

1829,  35.         „  Phillips.     *  Geol.  of  Yorkshire,*  pi.  xiii.  Og.  1 1. 

„  •     Areigerent.    Phillips,  loc.  cit.  pi.  xiii.  fig.  9. 
1855.     Maculatuu,  luridwt  JiguUnuSt  areigertns  ?    Simpson.    *  Fossils 
Y.  L.,*  pp.  46,  78. 
?  1827.     Lat^cmta.    Sowerhy.     *  Min.  Con.*  pi.  556,  fig.  2. 

This  is  a  rather  variable  species  in  respect  to  the  strength  of 


itM  ribe,  wUiuli  in  fcsoine  grow  to  a»  eiiormoHs  sU^,  pq  ft*  to  dauliTa 
tUo  sertiou  of  the  whorl  taken  thi^iigh  them,  and  pass  quite 
straight  over  the  (runt;  in  atheiB  thev  ar^  dfnro&sed  on.  the 
t'nint.  and  grow  rather  ohlique*  This  form  when  adult  is,  1 
think,  the  J.  laiw^osta  of  Sowtfrby.  A  ^^itocimen  in  my  collection, 
4  iiicrheu  in  diameter*  agrees  well  with  his  iigure,  and  is  cer- 
tamly  th(?  adult  of  J^tj,  capneortam^. 

Thu  flj^ire  of  i'htlliiWs  A,  arcitjwem  best  repreeenti*  this  iipeoies, 
but  UH  he  eluNBea  it  with  those  that  have  &n  angular  ddflection 
im  the  front,  he  may  mean  the  next*  as  SimpKin  apptmrs  to  hav© 
thought*  Thi-*  A,  Inridng  of  tlio  latter  author  is  a  variety  slightly 
more  involute  and  with  more  elantiog  rib^. 

Ovohijuml  imdtkm.—  The^e  f*re  generally  found  in  smooth, 
j'ouud  niKJides,  which  the  expert  can  predict  to  have  a  specitnen 
m  btfore  opening  them,  but  they  also  occur  in  th©  shell  and 
oyster  bedfl  of  the  none  of  which  tho  species  is  €hHrad:er)atic, 
lltimmeuea,  Sttuthoi^*  lluntcliff,  Huhin  Bo^jd's  Bay,  Ccalhiim 
{Scars,  Bel  man  Cutting,  GnieborougL 

-^goceras  defossum,  SimpmtK 
PL  y:iL,  %  fl. 
1855.    *  FosiiU  \\  K:  p.  i$, 

Bya.     I8'ii*.     AtujuU/erui.     Ptillipa,  he  Mi,  p\  Xltl  fig.  I?. 

This  speciea  hafl  much  resemblance  to  ^^.  mpri&^rnum^  and 
some  varieties  of  the  latter  approach  it^  but  it  may  be  easily 
distingiushed  from  its  earliest  *stage.  Its  ribs  are  sharper, 
more  numerous,  almost,  but  not  qinte,  tuberculous  at  the  tarn 
on  to  the  fnmt,  which  is  perpendicular  to  the  side,  they  there 
bend  i*harply  forward,**  or  become  obsolete,  but  there  is  some- 
times  a  slight  rising  ^vhero  they  meet;  aperture  qnadmte. 

This  is  remaikable  for  iU  resembUuce  on  the  side  to  AmaUieu^ 
tpinatm.  It  is  usually  known  of  email  size  (i  to  IJ  inch  J. 
The  hyjecimen  figured  seems  to  be  fairly  adult,  ivithout  making 
any  approach  to  ^g,  capricomum. 

Geological  position. — Zone  of  A,  capricomus,  Staithes,  Haut- 
cliff,  Robin  Hood's  Bay. 

^goceras  diversum,  Simpson. 
PI.  Vni..  fig.  3. 
1843.    *BIon.  Am./  aud  1855.  loc.  cit.  p.  45. 

This  is  nearly  allied  to  ^g,  capricomum  and  also  to  JEg. 
gagateum.  It  is  evolute,  narrow-whorled,  with  far-separated, 
sti'ong  radii,  which  are  slightly  twisted ;  each  ends  in  a  strong 
knob  or  point  on  the  outside,  and  goes  straight  across  the  front 
without  growing  weaker,  making  the  surface  of  the  fitmi  as 
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undulating  as  the  side.  The  inside  of  each  radius  is  also 
slightly  elevated. 

Oppers  Am.  ZiUdi  (*Pal.  Mitth./  PL  XLII.,  fig.  2)  may  be 
the  young  of  this. 

Geological  position. — Probably  zone  of  A.  capricornus  (with 
Pecien  substriatus)  (2  exs.). 

^goceras  sinuatum,  Simpson. 

1855,  loc.  cit.  p.  62. 

A  specimen  in  the  Whitby  Museum  agrees  well  with  the 
description,  and  I  cannot  identify  it  with  any  other  form.  The 
following  is  his  description : — '*  Volutions  exposed,  outer  whorl 
^  diameter,  sides  convex ;  radii  obtuse,  separated  by  rather 
wide  concave  spaces,  commence  on  the  inner  margin,  slightly 
incline  towards  the  aperture  and  then  in  the  opposite  direction, 
form  a  row  of  tubercles  on  the  outer  margin,  nearly  obsolete  on 
the  back,  aperture  ovate  or  sub-quadrate,  diam.  4^  inches.  A 
fragment  L.  L.**     (1  ex.). 

It  is  some  proof  of  the  value  of  these  new  genera,  that  they 
enable  us  to  note  the  following  fact  of  distribution,  viz.  that  the 
JEgocerata  do  not  last  beyond  the  zone  of  A.  capricornus, 

GENUS    ARIETITKS. 

Arietites  Bucklandi,  Sowoby. 

PL  V.  fig.  2. 

1816.  '  Miu  Con.'  pi.  cxxx.     (Non  Phillips.    Non  Simpson.) 

There  seems  to  have  been  some  confusion  about  this  charac- 
teristic, though  rare,  shell  in  Yorkshire.  It  is  not  the  same  as 
A.  hisulcatusj  as  some  authors  have  supposed,  as  it  possesses  no 
tubercles,  and  the  transverse  section  of  the  whole,  though  quad- 
rangular, is  far  more  rounded.  The  shell  called  A.  BucUandi, 
by  tSimpson,  must  be  either  A.  chtusus  or  A.  Tumeric  as  he  says 
the  whorl  is  one- third  the  diameter.  Phillips'-  A.  Bucklandi 
(jun.)  is  an  A.  Sauzeanus.  The  true  shell,  whose  ribs  are  mode- 
rately separate  (34  to  a  whorl)  and  much  curved,  is  only  found, 
to  our  knowledge,  at  Kedcar,  where  it  is  not  common,  but  grows 
to  a  diameter  of  8  to  10  inches. 

Geological  position. — In  the  limestones  of  the  series  to  which  it 
gives  its  name,  Redcar. 

Arietites  bisulcatus,  Bniguiere. 

1780.     *  Encyclop.  Ble'thodiquo,*  Vers.  i.  p.  39. 
1842.     D'OrbigDy.     »  Terr.  Jur.,'  pi.  xliii. 
Syn.     1855.     Valid  tnfracins.    Simpson.     •  Fossils  Y.  L.,*  p.  95. 

1  keep  this  name  for  those  forms  that  present  a  square  front, 
almost  transverse,  with  straight  ribs  tubei  culatcd  outside. 
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Geological  |w«V*on. —Sub-zone  of  A.  armatus,  Robin  HooiVs 
Bay. 

Arietites  caprotinus,  D'Orbigny. 

1844.    *  T6Pr.  Jnr.,'  pi.  Ixiv.  figs.  1,  2. 

This  form  is  distinguished  from  the  former  species,  to  which 
it  is  closely  allied,  by  the  straightness  of  its  ribs,  which  are 
comparatively  wide  apart,  and  rise  highest  near  the  outside. 

Geological  position. — Zone  of  A,  oxynotw,  Peak  (1  ex.). 

Arietites  ophioides,  D*Orhigny. 

1844.     *  Terr.  Jur.,'  pi.  Ixiv.  figs.  1,  2. 

Some  specimens  in  the  Leckenby  Collection  agree  in  every 
respect  with  D'Orbigny's  figure  and  description,  but  I  have  a 
suspicion  they  are  t>nly  the  young  of  some  other,  not  of  A. 
caprotinus^  but  possibly  A.  spiratissinuUj  but  I  cannot  as  yet 
prove  this. 

Geological  position. — Probably  zone  of  A.  (txynotusy  Robin  HooiVs 
Bay  (5  exs.). 

Arietites  spinarieS|  Quenstedt. 

1858.    •  Der  Jura,'  tab.  vii.  tig.  4. 

This  is  very  closely  allied  to  A.  obesuhis,  and  its  radii  are 
similarly  knobbed,  but  it  difl'ers  in  having  the  furrows  nearly 
obsolete ;  the  sides  are  flat  and  the  ribs  irregular  and  bend 
somewhat  backwards. 

Geolofjical  posUiim. —  Zone  of  A.  Buddandi,  lidbin  Hood's  Ray 
(fragiiieiitK  ;  one  <z;oo(l  specimen  in  York  Mn>euni). 


Arietites  rotiformis,  SoKerhy. 

iMil.     •  Mill,  (.'on.,'  ])1.  -l;").'!. 

lS;">r>.     SiinpMiii.     "Fossils  V.  1...'  |>.  IKi  (^  jiai>). 

A  tine  specimen  of  this  species,  \vhicli  dilVers  iVom  A.liisulratii.<i 
in  having  nanuwer  whorls,  and  from  A.  tnulticitsfafifs  in  havino- 
tubercles  on  the  outer  side,  in  tlu;  licekenlty  ('oUecriion  is  the 
authority  fi)r  inseiting  it  in  the  list. 

(icolcKjIral  position. — rro]>al)ly  zon<'  (tf  J.  IhirlhiutJi  (  I  ex.). 

Arietites  Turneri,  Son-crhy, 

18-J7.     'Min.  Con.,'  tab.  l.VJ,  ti-.  1. 
LS2:».  oo,  7.').     rhillip.s.     '(Jcol.  Voiks>.'  pi.  xiv.  fifr.  14. 
IS.").").     Mmpsori.     'Fossils  V.  L.,'  p.  IC). 
Syn.      IS').").      liNr/.hiHfli  ^pars).     Sirripson,  lor.  cit.  p.  f)."). 

With    this    sjtecies    are     identiiied    yome   uf    the    very    laige 
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Ammonites  found  on  the  lowest  Acars  at  Hobin  Hood's  Bay.  In 
extreme  age  they  are  not  easily  diBtinguished  from  A,  stellaris  ; 
in  the  latter  the  whorls  grow  narrower,  in  this  broader. 

Geological  position, — Zone  of  A.  Bucklandi  (upper  part).  Red- 
car,  Robin  Hood's  Bay. 

Arietites  sinemuriensis,  lyOrbigng. 

1844.    '  Terr.  Jur.'  pi.  xcv.  figs.  1-3. 

Similar  to  A.  hisulcatusj  but  with  the  ribs  joining  towards  the 
outside,  by  cross  bars. 

Oeologircd  position. — Zone  of  A.  Bucklandi,  Marske. 

Arietites  stellaris,  8ou>erby. 

1815.  *  Min.  Con.,'  pi.  xcui. 

SyB.     1855.    Bucklandi  (pars).    Simpflon.    *  Fossils  Y.  L.,»  p.  97. 

This  has  generally  been  confounded  in  Yorkshire,  when  full 
grown,  with  A.  Bucklandi,  and  with  A.  obtusus  in  youth.  The 
former,  however,  is  a  very  di£Eerent  shell  with  narrower  whorls, 
and  more  cui-ved  radii.  Good  examples  are  not  common ;  they 
range  from  ^  inch  to  a  foot  in  diameter. 

Geological  position. — Zone  of  A,  oxynatus  (base),  Robin  Hood's 
Bay,  Marske  (boulders). 

Arietites  obtusus,  Sowerhy. 

1816.  *  Min.  Con.,' pi.  cxlvii. 

1855.    Simpson.    *  Fossils  Y.  L.,*  p.  92. 
Syn.     1849.     Camuoides.     Brown.     *  Fossil  ConchoL*  pi.  v.  fig.  8. 

This  may  be  taken  as  the  final  step  of  Arietites  towards  JEgocerca 
in  one  direction,  the  similarity  between  it  and  JEg.  sagittarium 
being  great. 

Geological  position. — Zone  of  A.  oxynatus.  Common  at  Robin 
Hood's  Bay  at  the  base  of  the  series,  and  not  growing  to  a  large 
size. 

Arietites  Scipionanus,  lyOrbigny. 
VI  v.,  tig.  ;j. 

1842.    '  Terr.  Jur.'  pi.  li.  figs.  7  and  8. 
8vn.     1848.     Personattu.     Simpson.     *Mou.   Am./  and   1855,  *Fos.sils 
Y.  L.,*  p.  38. 

A  very  distinct  form,  though  variable.  In  youth  it  is  an 
inflated,  almost  involute  shell,  with  only  the  remotest  indica- 
tion of  the  future  growth  of  a  keel,  and  with  a  few  irregular 
swellings  to  denote  its  future  ribs,  it  varies  in  the  nize  at 
which  it  puts  on  ita  proper  ornameuts,  the  one  Simpson  des- 
cribed being  1}  inch;  in  all,  however,  sooner  or  later,  the  keel 
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becomes  elevated  and  acute,  fonning  a  triangnlar  front;  the 
sides  become  flat,  with  well-marked  ribs,  running  generally 
straight  with  an  inclination  backwards,  but  often  bifurcate  and 
irr^iilar,  ending  in  a  small  well-defined  tubercle,  at  the  base  of 
the  triangular  front,  which  is  marked  with  finer  lines  running 
forward,  often  nearly  obsolete.  The  ribs  are  often  prominent 
also  on  the  inside  of  the  whorL  The  outer  whorl  in  middle  age 
is  ^th  of  the  diameter,  and  the  inner  whorls  are  ^rd  concealed 
(as  far  as  the  tubercles).  The  shell  is  finely  striated  trans- 
versely. Specimens  known  vary  from  ^nd  to  2  inches  in 
diameter. 

One  variety  has  its  sides  more  greatly  rounded,  and  has  dis- 
tinct furrows  on  the  front,  though  shallow  ones :  the  front  is 
thus  not  triangular,  and  we  have  a  passage  from  between  this 
and  the  next  species. 

Geological  position. — Zone  of  A,  Bucklandi  (upper  part), 
Marske,  Bedcar.  N  ot  found  in  situ  at  Robin  Hood's  Bay,  but  in 
blocks  associated  with  Lima  pectinoides,  Lucina  limbata,  DetUo- 
lium  etalense,  CerUhium  etalense,  thuH  indicating  the  horizon. 

Arietites  Sauzeanus,  D'Orhigny. 

1844.    *  Terr.  Jur.,'  pi.  xcv.  figs.  4,  5. 
Syn.     1843.    Resupinaius.    Simpaon.    *  Mod.  Am.' 

1855.    Bentpinattu,  tram/ormaius.    Simpson.    *  Fossils  Y.  L.,'  pp. 
43,  91. 

A  species  of  moderate  size,  very  easily  distinguished  by  its 
broad  square  front,  with  only  the  smallest  semblance  of  a 
keel.  The  ribs  are  well  marked  and  run  nearly  straight,  with 
a  more  or  less  marked  tendency  to  bend  backwards  (reaupinaius ), 
and  end  in  a  tubercle  on  the  outiside,  where  the  shell  is  widest. 
The  young  have  much  resemblance  to  those  of  A.  ScipionanuH, 
and  the  adults  to  Amaiheus  spinatus, 

Althongh  the  name  resupinatus  was  earliest  applied  to  sj>eei- 
mens  of  this  species,  it  would  be  doubtful  policy  to  disturb 
D'Orbigny's  well-known  name. 

Geological  position.  —  Zone  of  A.  Bucklandi,  Redcar,  Marske, 
Uobin  Hood's  Bay,  Millington. 

Arietites  semicostatus,  Younfj  and  Bird. 

PI.  VI.,  fig.  4a  (upper). 

1822,  8.     '  Geol.  Survey,*  pi.  xii.  fif?.  10. 
18.55.     Simpson.     '  Fo.ssils  Y.  L  ,'  p.  93. 
Syn.     185G.     Gcomciricun.     Oi)pel.     '  Jiiralorm.,'  p.  79  (non  Phillips). 
18r)5.     Mfiltanfractus.     Simpson,  loc.  cit.  p.  95. 

Young  and  Bird's  figure  of  this  shell  is  quite  deceptive  and 
the  description  incomplete.  Nevertheless,  Simpson  has  well 
desciibed  it  and  it  has  long  been  known.  It  is  a  very  common 
form,  occurring  in  masses  of  hundreds  in  BucMandi   limestone, 
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and  there  are  numerous  speoimens  of  outer  whorls  in  the  oxy- 
notusheda  which  have  heen  called  by  Oppel  A.  geomelricua.  ISo 
doubt  extreme  forms  look  very  different,  some  semicostati  being 
inflated  in  the  whorls  and  the  ribs  curved,  and  some  geometrici 
being  flat  and  the  ribs  straight.  Nevertheless  the  passages 
between  them  prevent  me  at  present  from  recognising  their 
distinctness,  the  only  similar  one  which  can  always  be  separated 
being  that  next  described. 

Geological  position, — Zone  of  A.  BucMandi^  Robin  Hood's  Bay, 
Redcar,  Marske,  Nunthorpe,  Ellerbeck.  Zone  of  A.  oxynolus, 
Robin  Hood's  Bay. 

Arietites  Bodleyi,  Buckman. 

1845.  •  Geol.  Chelt'  pi,  ii.  flg.  7. 

Syu.     185U.  Harttnanni.    Oppel.    *  Juraform,'  p.  79. 

1843.  Kiidian.    D'Orbigpy.    '  Terr.  Jur.*  pi.  li.  fl^B.  1  ami  2. 

1855.  ActUicarinatus.    Simpson.     *  Fosa.  Y.  Ii.*  p.  94. 

This  differs  from  the  last  in  little  else  than  in  having  no 
furrows  on  either  side  of  the  keel,  which  stands  out  sharply,  and 
in  seldom  having  the  inner  whorls  smooth  ;  the  ribs  vary  as  to 
straightness  and  number;  the  breadth  of  the  whorl  is  also 
variable. 

The  Ammonites  included  under  these  two  names  are  very 
variable,  and  many  species  might  be  and  have  been  made  out  o) 
them,  but  it  seems  belter  not  to  give  more  than  ttoo  names  to  the 
series. 

Geological  position. — Zone  of  A,  BucJdandi,  Redcar,  Robin 
Hood's  Bay. 

Arietites  diJRformis,  Emmrich, 

PI.  VL,  fig.  3  a,  h, 

1853.    *  Jahr.  der  K.  K.  Geol.  Reich.*  vol.  iv.  p.  783. 
1856.    Hauer, '  Ceph.  aus  d.  Lias,*  t.  vii.  figs.  1 1-14. 

It  seems  rather  doubtful  if  this  ought  to  be  separated  from  the 
last,  but  it  exhibits  an  extreme  form  as  to  the  broadness  of 
whorl,  here  ^  diameter,  and  number  of  ribs  ;  the  sides  are  very 
flat,  and  the  keel,  without  furrows,  is  very  prominent,  and  the 
whole  shell  has  a  peculiar  appearance,  the  ribs  being  rather 
curved,  almost  becoming  knobbed  outside ;  shell  striated ;  inner 
whorls  smooth. 

Some  young  smooth  ammonites,  with  sharp  backs,  may 
possibly  be  the  young  of  this—  they  are  probably  identical  with 
A.  jejunus  of  Dumortier. 

Geological  position,  — Zone  of  A,  BucJchndij  Kedcar  and  Robin 
Hood's  Bay. 

There  are  other  forms  similar  to  these  in  their  characters,  one' 
apparently  the  same  as  that  called  A.  hierlatzieus  by  Hauer, 
I.  c,  tab.  VII.,  figs.  4—6,  and  another,  A,  ceras,  Giebel,  but  I 
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.    9^^   1855.    J)n»dkitei,l«iMi2«i.    Sltnpdi^i.    '  Few;  T.  L.*  pp^  76,  $7.  "^ 

Usual  diMt  1  to  3  inclifittt  bat  grows  to  a  dmmeter  of  6  mches, 
wlifia  it  is  ilid  A  tienoffifiit  of  SimpeoiL  Tli^re  can  he  but  little 
doiil»fc  that  thia  Is  the  shell  described  bj  B^Orbigny,  and,  if  $o« 
it  ia  not  tiio  yoong  of  ^1,  Guibaliemugy  as  Oppel  supposes.  It 
belongs  to  a  fumily  with  etrongly-marked  separated  k^K  for 
which^  perhaps^  two  names  aj€  a^il^cient — this  and  the  fot- 
lowing — impendent  (Y,  and  B*),  They  are  highly  character ifiticr 
of  thta  middle  portion  of  thft  «ii|p0ii#-BODe.  It  la  doseiy  aUled 
to  A.  mfmim,  to  ^iliiQli  it  diBoet  jmmm,  ta*  m  aflaitiM  wn 
Ml  m  rnnOk  witih  ft  m  with  J.  faifMiiM^  eii  iMoiiat  of  ite 
diftiplj-aMalnd  kaal,  and  mom  abnipl  imiar  a^gft-  A  tD«  wf^" 
mmmk  im  ttia  Yotk  If ■■!-»  AawB  ito  diamrtw  whi  fMIl  gbaim 
(ft».dniii);  itoisiMrediioiitlMioliliiiMljtniiMis  teoalit 
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1848.    fitawQiL    *mim.Am,*uAim^*WamY.Up,m. 
Sja.    1815.    #bSri    Bofltean.    <G6oLQrGlielt*pL  xfLlff.?. 
185S.    AuUirfw.    SiaqMOD.    •Fte.T.L.'p.n 

This  differs  from  the  last  in  its  strong  ribs,  and  generally 
OTerhanging  inner  edge.  The  first  of  these  characters  it  loses 
by  age,  but  not  the  second.  However,  there  are  some  specimens 
which  do  not  exhibit  the  overhanging  edge  at  all,  when  they 
are  exactly  A.  Fo^eri  of  Buckman.  but  it  appears  Dot  sofficient 
to  separate  them.  The  radiahu  of  Simpson  is  the  young  of 
thia  species.  This  is  very  nearly  allied  to  A.  abaUoemtU  of 
D*Orbigny,  figured  by  Dumortier,  '  Dep.  Jur./  Pkrt  IL, 
PI.  XXVIL  except  for  "the  separation  of  the  keel  by  furrows. 

OmfiogkaipomHim.-'Zone  of  A.  oryndHut.  Bobin  Hood's  Bay. 

Arietites  (?>  Macdonnelli,  PoHlock. 

Fl.  v.,  I^g,  S. 

li^43.     *  Gtv>l.  IWp.  of  LondoiHkfrr/  pi  xxix.  ▲.  fig.  12. 

Very  much  compnec^sKl ;  whorls  numerous,  compressed.  J  con- 
cealed; outer  whvTl  ^  the  diameter*  gradually  dedining  to  a 
sharp  keel :  aperture  sagittate.  The  inner  whorls  have  nume- 
rous sharp  rilia.  slightly  sigmoid,  highest  outside.     The  front 


CEPHALOPODA.  291 

in  this  stage  is  flat,  and  without  keel.  In  the  adult  the  ribs 
become  obsolete,  and  the  whorls  become  nearly  smooth,  except 
for  a  fine  striation ;  and  a  slight  farrow  at  last  arises  on  either 
side  of  the  keel. 

There  could  not  be  a  more  complete  correspondence  than 
between  the  specimens  from  Yorkshii^  and  the  species  described 
by  Portlock,  but  I  can  find  no  certain  synonyms. 

Geological  position, — Sub-zone  of  A.  armatus,  Bobin  Hood's 
Bay  and  Waner,  at  which  latter  place  it  is  especially  abundant. 

This  is  the  most  recent  species  of  the  genus  Arietites,  and 
doubtfully  belongs  to  it,  forming  a  passage  to  the  Harpocerata, 

GENUS   AMALTHKUS. 

Amaltheus  oxynotus,  QuemtecU, 

184.S.  '  Flotzgebirge  Wurtembergs,'  p.  161. 

1849.  Quenstedt.    *  Gephalopoden,'  pi.  v.  fig.  11. 

1860.  Wright    •  Quart.  Jour.  Geol.  Soc.*  vol.  xvi.  p.  407. 

Syn.     1843.  Polyphyllmy  Rdbiruoni,  Buckii.     Simpson.      '  Mon.   Am.'   and 
1855.  *  Fofls.  Y.  L.'  pp.  81,  83,  84. 

1845.  Cultdlus.    Buckman.     *  G«ol.  Ghelt.'  pi.  xii.  fig.  5. 

1855.  Dejectua.     Simpson,  he.  ciL  p.  85. 

This  characteristic  species  grows  more  involute  and  less 
radiated  with  age ;  its  youth  has  thus  been  noted  as  a  diflferent 
species  {Buckii,  dejedus).  At  this  stage  also  it  proves  its  generic 
position  by  being  crenulate,  as  seen  in  A,  Buckii.  It  often  has 
more  or  less  marked  constrictions,  as  in  il.  Bcbiruoni. 

Geological  position, — Zone  of  A,  oxynotus  (chiefly  the  upper 
part).     Robin  Hood's  Bay  and  High  Stones,  Redcar. 

Amaltheus  Simpsoni,  Beau  MS.  in  Simpson. 

PI.  VIII.,  fig.  4. 

1843.     *  Mon.  Am.'  and  1855.  *  Fosb.  Y.  L.'  p.  79. 
Syn.     1843.     Flavus,  Umattu.    Simpson.   *  Mon.  Am.*  and  1855,  loc.  eit.  p.  86. 

This  species  is  distinguished  from  A,  oxynotus  by  its  swollen 
whorls,  which  are  widest  towards  the  inner  third,  and  thence 
gradually  decline,  becoming  almost  concave  before  reaching  the 
keel.  It  always  retains  the  shell,  and  has  no  radii,  but  is 
covered  with  delicate  striae,  which  sub-crenulate  the  keel. '  Its 
sutures  are  simpler  than  those  of  A,  oocynotus.  These  small  dif- 
ferences are  remarkably  constant,  and  prove  it  really  distinct. 
Its  size  also  is  generally  greater,  reaching  to  8  inches  in 
diameter. 

It  does  not  appear  to  have  been  noticed  out  of  Yorkshire. 

Geological  position. — Zone  of  A.  oxynotus,  Robin  Hood's  Bay. 
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Amaltheus  trivialis,5impso/i. 
PL  v.,  fig.  6,  a,  6,  c,  d, 

1848.    Monograph  of  Ammonitee. 
Syn.    1849.    Polifmorphu$.    Quenstedt.    *  Gephalopoden,'  t  iv.  figs.  9-lS. 

1843.    BvtUant,  Bipletd,     Simpson.     'Hon.  Am.*  and  1855,  *Fo88. 
Y.  L.'  pp.  42-44. 

Small  (^  to  1  in.),  very  compressed,  with  flattened  sides, 
meeting  at  an  angle  on  the  front ;  ribs  irregular ;  different  in 
the  several  varieties ;  bend  towards  the  aperture  on  the  front, 
where  they  meet  at  an  obtuse  angle ;  outer  whorl  ^  diameter  ; 
inner  whorls  ^  oonoealed. 

Quenstedt  forms  5  varieties  of  this  shell,  of  which  we  have  all 
bat  the  first — quadratus. 

Lineatus  (fig.  66),  in  which  the  radii  are  very  fine ;  moderately 
common. 

Costatua  (fig.  6(2),  in  which  they  are  very  coarse,  but  regular ; 
not  so  common. 

Interruptua  (fig.  6c),  where  they  are  wider  apart  still,  and, 
being  broad,  look  rather  like  bands ;  rare. 

Mixtu8  (fig.  6a),  where  the  ribs  change  character  and  are 
irregular ;  commonest  of  all. 

This  species  is  very  characteristic  of  the  lower  part  of  the 
Jamesoni'heia,  where  other  small  forms  also  occur.  They  are  all 
pyritous,  and  lie  in  definite  lines.  It  is  also  found  badly  pre- 
served in  the  arwcUtw-beds. 

The  inner  whorls  of  these  shells  have  generally  perished,  so 
that  the  young  form  is  not  well  known.  Some  smaller  specimens 
with  rounder  fronts  may  represent  it. 

Quenstedt's  name  would  be  preferable  to  Simpson's,  as  being 
better  known,  and  well  illustrated  by  the  varieties  of  which  the 
latter  author  made  species,  and  it  is  used  in  our  Part  I. :  never- 
theless it  cannot  be  adopted,  having  been  pre-occupied  by 
D'Orbigny  for  another  species.  It  is  probable  that  the  A. 
jEgion  of  D'Orbigny  is  one  of  the  varieties  of  this  species ; 
the  sutures  agree.  The  same  may  be  said  of  A.  accipitris  of 
Buck  man. 

OeologiccU  position. — Zone  of  A,  Jamesoni^  Robin  Hood's  Bay, 
Huntcliff,  Coatham,  Easby.  Sub-zone  of  A.  armatusy  Robin 
Hood's  Bay. 

Amaltheus  lynx,  D^Orhigmj. 

1844.     *  Terr.  Jiir.*  pi.  87,  fij^;.*.  1-4. 
Syn.     1855.     Ltm.     Simpaon.     *  Foss.  Y.  L.' p.  80. 

Geological  position. — Zone  of  A.  Jnmesoni.  Associated  witJi 
A.  trivialis.    Robin  Hood's  Bay  (6  ex.),  and  Hnntcliff  (2  ex.). 
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Amaltheus  Huntoni,  Simpaan. 
Plate  II.,  fig.  8. 

1843.    *  Hon.  Am.'  and  1855,  <  Foes.  Y.  L/  p.  83. 
Syn.     1855.    1  Simplex^  ?  retentus.    Simpson,  loe.  cit  p.  84. 

lliis  is  a  fimall  shell,  and  may  be  yonng.  Its  claim  for  spe- 
cific distinction  from  others  similar  to  it — which  are  considered  to 
be  the  young  of  A.  oxynotua — is  its  very  peculiar  snturea  These 
are  similar  to  those  of  A.  trtvialis  on  the  outside,  having  a 
general  direction  towards  the  centre,  with  a  long  and  narrow 
lateral  lobe ;  towards  the  inside,  however,  they  bend  remarkably 
forward,  at  the  same  time  becoming  simpler ;  so  that  this  side 
is  much  nearer  the  aperture  than  the  other.  In  general  shape  it 
is  similar  to  A,  fenrugineua,  with  a  sharp  front  and  obsolete  sig- 
moidal  striae  or  radii.  From  Simpson's  remarks  it  appears 
probable  that  the  sutures  of  simplex  and  reteniua  may  be  similar 
to  this,  for  which  reason  they  are  identified  with  it. 

The  only  specimens  I  have  seen  dosely  are  in  the  Leckenby 
Collection. 

Oeohgical  position. — Zone  of  A,  oxynotua  or  A,  Jameaoni. 

Amaltheus  Oppeli,  Schldnhach, 

186.S.    *Zeit8chr.  d.  Deutsch.Geol.  Gee.'  t.  xii.  fig.  2. 
1855.    Complanatui,    Simpson,  loc,  cit.  p.  79  (non  Sowerby,  non  Yonng 
and  fiird). 

Two  in  the  Leckenby  Collection,  and  one  at  Whitby,  are  all  I 
have  seen  of  this.  They  agree  in  all  essential  particulars  with 
the  above-quoted  species. 

Geological  poaition, — Probably  oxynotua-heda  (3  ex.). 

Amaltheus  margaritatuS|  Montfart. 

1808.    '  Gonch.  Syst'  p.  90. 

1875.    Phillips.    '  Geol.  Torks.'  3rd  edition,  pL  xiy.  fig.  6. 
Syn.     1818.    Stoke^i.    Sowerby.    *  Min.  Con.*  pi.  cfxd. 

1822,  8.   CleveJandicuSt  vittatus,  tubnodotui,  nodulotUB.  Yonng  and  Bird. 

*Geol.  Surv.*  pi.  xiii.  figs.  3,  7,  11. 
1829,  35.     Vittatui,    Phillpe,  loe.  cU.  and  pi.  xiii.  fig.  1. 
1843.    Stckesi,  depressutf  vUtatuSy  vUtUuBj  mbnodoaua,      ^  Mon.  Am.' 

and  1855,  *  Foss.  Y.  L.'  pp.  81,  82.  86,  90. 

The  great  variety  exhibited  by  this  shell  in  passing  from 
youth  to  age,  and  apparently  from  other  circumstances,  is  well- 
known,  and  is  fully  illustrated  by  Yorkshire  examples;  but 
there  is  a  certain  facies  about  all  the  varieties  which  prevents 
their  separation.  They  are  all  one  species,  yet  it  is  extra- 
ordinary what  anomalous  forms  it  puts  on,  and  we  cannot  be 
surprised  at  the  number  of  synonyms.     They  may  be  represented, 
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however,  in  the  main,  under  two  heads — one  the  typical  form, 
and  the  other  the  variety  suhnodosua. 

In  the  first  variety  me  outer  whorl  is  broader  (^  to  ^  the 
diameter),  the  sides  forming  a  gentle  curve,  sometimes  cut  off 
abruptly  within.  The  ribs  are  not  very  strong,  but  sometimes 
sharp,  and  ending  in  a  small  tubercle;  but  the  largest,  and 
therefore  oldest,  individuals  are  also  the  smoothest,  approaching 
A,  Engelhardti, 

In  the  other  variety  the  outer  whorl  is  narrower,  and  more 
inflated,  and  the  ribs  become  enormously  conspicuous  and 
strongly  tuberculated,  the  front  being  almost  round,  except  for 
the  orenate  keel.  There  is  sometimes  a  sign  of  a  second  row  of 
tubercles,  and  in  this  form  the  species  approaches  near  to  A. 
9pinaiu$ — this  is  the  vittatus  also  of  Toung  and  Bird. 

The  specimens  quoted  from  the  annutatus-heds  are  young  and 
nearly  smooth  forms,  nevertheless  their  characteristic  features 
are  to  be  seen. 

Geological  position. — Zone  of  A,  margaritatua,  (Var.  a).  Hawsker, 
Staithes,  Rockcliff,  Hummersea,  Huntcliff,  Skelton  Beck,  Salt- 
bum,  Grosmont.  (Var.  13),  Hawsker,  Staithes.  Zone  of  A.  spinet- 
ius,  Hawsker,  Hutton  Mines,  Ouisborough.  Zone  of  it.  anntda- 
iw,  Skelton  Park  Pit,  Quisborough. 


Amaltheus  Engelhardti,  D'Orbigny.  . 

1844.    *Terr.  Jur.'pl.  66. 
Syn.     1822,  8.    f  LentunUaris.    Young  and  Bird.    *  Geol.  Surv.'  p.  269. 

1843.     Lenticidaris^  reticularis.     Simpson.       *Mon.  Am.'  and   1855, 
*  Fobs.  Y.  L.*  pp.  78,  79. 

This  involute,  flat,  obsoletely-radiated,  longitudinally-striated, 
sharp-fronted  species  must  by  no  means  be  united  to  A.  margari- 
tatus.  It  has  the  same  characters  throughout  its  life,  which  are 
approximated  to,  indeed,  by  some  of  the  more  lenticular  of  the 
margaritaii,  but  never  exactly  manifested.  Its  keel  is  very 
obscurely  and  sometimes  not  at  all  crenated.  Specimens  occur 
from  1  inch  to  4  inches  diameter.  The  lenticularis  of  Young  and 
Bird  is  insufficiently  described,  but  the  reticularis  of  Simpson  is 
fairly  established  and  has  precedence.  His  publication,  how- 
ever, is  so  utterly  inaccessible  and  unknown  that  it  would  be 
unadvisable  to  supplant  by  its  names  those  of  universally  known 
species.  If,  however,  D'Orbigny's  A.  Engelhardti  should  be 
regarded  by  any  as  a  synonym  for  A.  margaritatm,  Simpson's 
name  must  stand  for  our  present  species. 

Geological  position. — Zone  of  A.  spinatiis.  Not  rare  in  the 
richer  ironstone  beds.     Eston,  Upleatham,  &c.     Hawsker. 
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Amaltheus  spinatus,  Bruguiere. 

1789.    *  Encycl.  Method.'  torn,  i.  p.  40. 
1843.    D*Orbigny.     *  Terr.  Jur.*  pi.  Hi. 
1875.    Phillips.    *  Geol.  Yorka.'    3rd  edit.  pi.  xiii.  fig.  8. 
Syn.     1822,  8.  Haioskerensis,    Youdj^  and  Bird.    *  Geoi.  Surv.*  pi.  xi?.  fig.  C. 
1829,  35.     HatMkerensu.    Phillips,  loc.  eit. 
1843.    HaujskerennSf  Birdi,  geometrieua  (non  Phil.\  subnodonu  (non 

Young  and  Bird).    Simpson.    *  Mon.  Am.*  and  1855,  *  Foss.  Y.  L.*  pp. 

90, 92,  89.90. 
1855.    Exaseiattu  (also)  Simpson,  loc,  cit.  p.  90. 

Like  A,  margarUatus  this  is  a  variable  shell.  When  best 
developed  it  has  quadrate  whorls,  a  crenated  keel  between  two 
shallow  farrows,  straight  strong  ribs  with  a  tubercle  inside  and 
a  double  one  outside,  the  pair  being  cloBe  together  on  the  rib 
jus't  at  the  bend  on  to  the  front.  The  varieties  consist  in  the 
more  or  less  numerous  ribs,  the  strength  or  absence  of  the 
tubercles,  and  the  amount  of  crenation  of  the  keel.  The  smallest 
are  most  like  those  of  the  south  of  England ;  these  varieties 
though  well  marked  scarcely  require  names  as  there  is  no  parti- 
cular point  of  interest  connected  with  them. 

A  specimen  I  refer  to  this  species  has  occurred  with  A, 
margaritatus  at  Hawsker,  it  is  of  the  flatter  form  more  nearly 
allied  to  the  latter.  In  its  proper  home  this  species  grows  to  a 
large  size,  the  largest  known  being  1 2  inches  in  diameter. 

Geological  position, — Zone  of  A,  spinatus  (characteristic)  passim. 
Zone  of  A.  magaritatus,  Hawsker  (1  ex.). 

Amaltheus  solitarius,  Simpson, 

PI.  VIII.,  fig.  2. 

1855.    *Fofl8.  Y.  L.*p.  93. 
Syn.     1822.  35,  75.    Geomeiricm.    Phillips.    *  Geol.  York.*  pi.  xiv.  fig.  9  (non 
Young  and  Bird,  non  Oppel). 

A  very  near  ally  of  A,  spinatus,  but  too  fistr  removed  to  be 
retained  under  the  same  name;  compressed,  nearly  evolute, 
inner  whorls  ^  concealed,  outer  whorl  ^  diam.,  gently  rounded, 
radii  numerous,  turning  forwards  both  on  the  inside  and  out- 
side, rather  swollen  near  the  outside ;  keel  strong,  protuberant, 
crenated ;  aperture  roundly  quadrate.  The  lateral  lobe  is  much 
narrower  than  in  A,  spinatus.  When  young  it  is  nearly  smooth, 
or  has  a  few  linear  radii,  and  is  more  involute.  A  large  ammo- 
nite (10  inches)  from  the  ironstone  is  identified  with  this  rather 
than  A,  spinatus, 

Phillip6i*8  name  is  the  earliest,  but  his  figure  and  statement  of 
its  horizon  is  misleading,  and  the  name  assigned  has  been  used 
for  other  forms ;  it  is  therefore  advisable  to  retain  Simpson's 
name  for  this  species  which  appears  to  be  peculiar  to  Yorkshire. 

Geological  position. — Zone  of  A.  spinatus,  Esfon,  Hawsker 
(5  ex.).  ■         ' 


f 


Amalth^us  (?)  ferrugineus,  Simpton  (non  Oppei). 

VI  VII.,  %  5. 

1855.    *  Fo«.  y.  U' p.  7», 

18S2,  8.    €omj^mhi».    Ymrag  and  Bird,  1^.  Hi.  p.  2m. 

pL  T.  fig.  Sf  4^  pi.  lii,  fig.  5. 

This  is  ft  protty  common  bpecJea  in  the  ironstone,  but  never 
growe  to  a  large  wize.  It  is  very  jsimilar  to  A.  EngeJhardii^  but  it 
ha&  BO  ton^itudin&l  etnie,  even  when  well  preserved;  it  i» 
mxiformly  convex  though  itill  lenticular;  the  inner  edge  is 
i*o«Ddc<3>  and  the  front  is  very  slightly  orenated.  When  yonng 
(^  itich)  it  ia  la^HB  involute  and  haa  a  more  rounded  front.  Its 
mirfaee  is  covered  by  fine  sigmoidal  utiiaB  collected  into  fa^sciculffi 
on  tb©  inner  half  of  the  whorl,  and  the  species  ought  perhaps  to 
be  ranged  with  the  Harpacerata.  It  cannot  bo  identified  veiy 
isatisfactorily  with  any  foreign  figure^  though  eevoral  of  Beync&fi 
might  represent  it  or  ifs  young. 

Oeohgical  jetton. — Zone  of  A.  mar^ariU^m,  Staithes  (1  ex,). 
Zone  of  j4-  $pinatui,  Hawskor,  Eston,  L  pleat Imm,  Ac* 

GENUS  PHTfLLOCEBAft, 

Phylloceras  Greenoughi,  &fwmbjf. 

ISia    '  Mia.  Con/  pL  o^xiL 

Two  large  ammonites  from  the  oxptoiu$AmdB  of  Robin  Hood's 
Bay  are  perhaps  best  recorded  nnder  this  name  ;  one  has  rather 
straight  undulations  passing  over  the  front,  and  the  curvature  at 
the  mouth  decreases  inside  and  increases  outside  so  that  the 
'Vrhorl  becomes  narrow  and  represents  almost  certainly  A,  SalU- 
Imrgenns  of  Hauer.  In  the  other,  the  undulations  are  obsolete. 
Both  have  some  remote  appearance  of  a  keel,  or  rather  raised 
line  along  the  front ;  diameters  8  and  9  inches ;  they  are,  how- 
ever, more  compressed  than  the  typical  P.  Greenoughi,  but  must 
be  left  there  for  the  present. 

Oeohgiedl  poiition. — Zone  of  A.  oxynotus,  Robin  Hood's  Bay 
(2  ezs.). 

A  specimen  doubtfully  identified  with  this  occurred  in  the 
Upper  BuckHaiidi-bedB  at  Redcar. 

Phylloceras  Loscombi,  Sowerby, 

1817.    •Biin.Con.'pLclxxxiii. 
1842.    jyOrbigny.    *  Terr.  Jnr.'  pi.  Ixxv. 
Std.    1848.    Awbiguw  (adult),  Denttyt,  ardtiu,  nanu»  f  (j^^O*     Simpeon, 
•  Hon  Am.'  and  1855. '  Foss.  Y.  L.'  36,  38. 

The  adult  shell  is  found  in  the  «7ame«ant-beds  of  Robin  Hood's 
Bay,  but  I  only  know  3  specimens  agreeing  perfectly  with  this 
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speoies,  one  being  of  the  variety  having  rounded  ridges  on  the 
front  like  P.  tbex,  Oppel,  Quenstedt,  and  D'Orbignj,  unite  in 
considering  some  smsJI  forms  with  sharper  fronts,  and  often 
with  constrictions,  as  the  young  of  this,  and  they  certainly  agree 
in  being  involute  with  obsolete  radii,  and  with  moderately  com- 
plicated sutures  for  their  sizes ;  not  having,  therefore,  sufficient 
reason  for  denying  their  being  the  young  of  P.  Loscombij  I 
inscribe  them  as  such,  but  Yorkshire  specimens  afford  no 
evidence  for  this  union. 

Qeological  position, — 2k)ne  of  A.  Jamesani,  Bobin  Hood's  Bay 
(3  adult  and  4  young  ezs.)  ;  Huntcliff  (5  exs.). 

Phylloceras  subcarinatum,  Toung  and  Bird. 

1822,  8.    (Nautilus).    *Geol.  Sorv.'  pi.  lii.  fig.  9. 
1829,  Sa,  75.    Phillips.    *  Geol.  York'  pi.  xui.  fig.  3. 
1843,  55.    Simpson,  loo,  cit.  p.  37. 
1868.    Oppd.    'Pal.  Mltth.^pl.zUv.  figs.  1,2. 

An  inflated  form  with  a  keel  between  two  depressions. 
Oeciogical posiUon, — Zone  of  ^1.  commuiM^  Whitby  (8  exs.). 

Phylloceras  heterophyllum,  Sowerhy, 

1819.    *  Min.  CJon.' pi.  oclxvi. 
1829,35.75.    PhUlips.    *  Geol.  York.' pi.  xiii.  fig.  2. 
1843,  55.    Simpson.    <  Men.  Am.'  and  *  Foes.  T.  L.'  p.  35. 
Sjn.    1822,  8.    NautUua  W7iitbienn$.    Young  andBiid,  pi.  yiii.  fig.  1. 
1855.    EasingUmentU,    Simpson,  2oc.  cU,  p.  35. 

The  smaller  individuals  of  this  species  are  common,  but  perfect 
specimens  of  large  size  are  rare.  In  the  latter  are  seen  radial 
undalations,  covered  with  more  marked  strisB.  Portions  of  this 
last  whorl  are  often  found  separate ;  they  are  called  locally 
'*&ns."  Dumortier  figures  a  fragment  from  the  Khone  Basin 
under  the  name  "  corps  de  nature  inconnue  "  (*  D6p.  Jur.  Pt.  4.' 
pi.  xlvii.  fig.  9),  but  conjectures  they  may  be  parts  of  an  un- 
known ammonite. 

The  Easingtonenna  of  Simpson  is  a  rather  more  inflated  variety 
than  usual,  with  a  longitudinal  line  along  the  centre  of  the 
whorl ;  but  this  latter  feature  may  be  very  obscurely  observed 
even  in  some  of  the  most  typical  forms. 

Geological  position. — Zone  of  A.  serpentinus^  passim.  Zone  of 
A.  communis,  passim. 

GENUS   LYTOCEBAS. 

Lytoceras  flmbriatum,  Sowmtff. 

1817.     '  Min.  Con.'  pi.  clxiv. 
8yn.    1843,  55.    Comueopia,    Simpson.    *  Mon.  Am.'  and  *  Foss.  Y.  L.'  p.  40. 

The  rarity  of  this  genus   has  caused  the  species  to  be  con- 
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founded.     This  differs  from  L,  cornucopia  in  being  more  com- 
pressed and  having  finer  radii. 

Oeologicdl  position. — Zone  of  A,  Jamesoni,  Robin  Hood's  Bay. 
Zone  of -4.  capricomuay  Staithes,  Rockcliff,  Huntcliff;  fragments 
are  common.    Zone  of  A.  margaritatua. — Staithes. 

Lytoceras  cornucopia,  Toung  and  Bird, 

1822,  8.    *  Geol.  Surv.'  pi.  xii.  fig.  6. 

,,     „  ?  Nitidue,  Young  and  Bird,  hxs.  ciL  p.  2.56. 
Syn.    1829,35,75.    Balteaitu,    Phimpa.  *  GeoL  York.*  pi.  xui.  fig.  17. 

1843,  55.    Fimbriatui,    Simpeon.    'Hon.  Am.'  and  * Fo8b.  Y.  L.'  p.  41. 

„      „  f  FaaciatuB.    Simpson,  loc,  cit.  p.  41. 

This  is  generally  of  smaller  size  than  L.fimhriaium,  and  better 
preserved.  There  may  often  be  seen  several  specimens  of 
Viscina  reflexa  parasitic  npon  it.  The  fasdatus  of  Simpson  is 
described  as  being  more  depressed.  The  halteaku  of  Phillips  is 
probably  an  exaggerated  form  of  a  young  cornucopia,  but  may 
be  a  distinct  species  with  the  nitidvs  of  Young  and  Bird. 

Geological  poaition, — Zone  of  A.  8erpentinu8,  Whitby,  Buns- 
wick.     Zone  of  il.  annulatus,  Millington  (1  ex.). 

Lytoceras  lineatum,  ScMotheim. 

1820.    •  Petrefactenkimde,*  p.  75. 
1849.    Quenstedt.    '  Cephatopoden/  t.  vi.  fig.  8. 
8yn.    1828.     TenuiooOatuSy  nitidus  f    Young  and  Bird,  p.  253. 

1843,  53.     Tenuicoatatutt  nitidtui    Simpson.     'Mon  Am.*  and  *  Foss.* 
Y.  L/  p.  40,  41. 

This  species  is  similar  to  the  last,  but  has  very  fine  striations 
of  great  regulaiity  and  scarcely  fimbriated.  These  too  have 
parasitic  Discince.  Young  and  Bird's  species  was  not  figured  and 
was  imperfectly  described. 

Geological  position. — Unknown,  but  probably  zone  of  A.  serpen- 
tinus  (5  exs. ). 

Lytoceras  j  urense,  Zieten. 

1830.     *  Vcrsteineriingen  Wiirtombergs,*  tab.  Ixviii.  fi<i;.  1. 
Syn.     1843,  55.     Gubtrnator.    Simpson.    *  Mou.  Am.'  and  '  Foss.  Y.   L.'  p.  40. 

The  slight  overlapping  and  the  smoothness  of  the  whorls  dis- 
tinguish this  species.  The  Yorkshire  forms  have  the  inner  edge 
rather  more  prominent,  and  the  side  a  little  flatter  than  the  type. 

Geological  position. — Zone  of  A.  jnrcusis  (characteristic),  Blea 
Wyke,  in  company  with  Harpoceras  variahile.  It  also  passes  up 
into  the  sandy  beds  of  the  Blea  Wyke  with  Pectm  siUnus. 

Lytoceras  Germanii,  UOrhigny, 

1841.     •  Tfrr.  Jur.'  pi.  n. 

Geological  positirm.  -  Zone  of  A.  jurensig,  Blea  Wyke.  a  single 
fragment  associated  with  Hnrporeroft  striafvhnn. 
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6ENU8  STEPHANOCERAS. 


Stephanoceras  annulatunii  Sowerbif. 

1819.  *  Min.  Con/  pi.  ocxxii.  fie.  5. 

1828.  Young  and  Bird.    *  GeoL  Suit.'  pL  xii.  fig.  11. 

1843.  Simpson.    *  Mon.  Am.'  and  '  Foas.  Y.  L.'  p.  50. 

1855.  AUenuatui  vermis.    Simpson,  he,  eit.  pp.  51,  54. 

When  the  shell  is  preserved  the'l'adii  are  seen  to  be  flattened, 
so  that  the  intermediate  spaces  look  like  grooves  worked  out 
with  a  fine  tool.  The  radii  in  some  slant  forward  very  much. 
The  attenuatua  of  Simpson  is  a  variety  with  rather  finer  radii. 

Geological  position, — Zone  of  A.  annulcUuSt  passim. 

Stephanoceras  semicelatum,  Sin^p§(m. 

1843.    '  Mon.  Am.'  and  <  Fow.  Y.  L.'  p.  50. 

This  is  an  allied  species  to  S.  annukUum,  in  which  the  inner 
whorls  are  nearly  half  conoealed  and  the  outer  whorl  is  much 
compressed,  and  as  if  it  were  pinched  towards  the  front.  These 
differences  appear  to  remain  constant. 

Oeological  position, — Zone  of  A,  angulattis.  Blue  Bank,  Gros>- 
mont,  &o,  (5  exs.). 

With  regard  to  the  other  Stephanoeerata  of  the  Upper  Lias, 
they  so  merge  into  each  other  by  variation  that  the  boundaries 
of  the  so  called  species  cannot  be  well  defined.  The  names  that 
follow  appear  to  be  sufficient  to  distinguish  all  the  prominent 
varieties,  although  by  dwelling  on  small  differences  a  great  many 
more  species  might  be  and  have  been  made. 

Stephanoceras  commune,  Sowefbff. 

1815     '  Min.  Con.'  pi.  cvii.  figs.  2,  3. 
1843,  55.    Simpson.    '  Mon.  Am.'  and  *  Foss.  Y.  L.'  p.  51. 
Syn.    1815     Angulatus,    Sowerby,  pi.  cvii.  fig.  1. 
1855.    ?  AthUticus.    Simpson,  loc.  eit.  p.  102. 

This  well-known  form  is  somewhat  variable,  the  two  most 
noteworthy  varieties  differing  considerably  in  the  number  of 
the  ribs. 

Oeological  position. — 2jone  of  A,  communis,  passim. 

Stephanoceras  Holandrei,  D'OMgny, 

1844.     '  Terr.  Jur.'  tiib.  cv.  fig.  1. 

This  includes  those  with  more  numerous  ribs,  though  not  so 
numerous  as  in  S.  annulaium,  and  having  a  pinched  appearance 
like  S,  semicelatum.  It  would  seem  to  be  the  earliest  form  of  the 
genus   in   this   district  as  it  is  met  with  in  the  spinatus-hedn. 
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though  it  continues  to  the  top  of  the  communis-zone,  but  is  not 
very  plentiful. 

Geological  position.— Zone  of  A.  apinatus,  Hobhill  (1  ex.).  Zone 
of  ii.  eommunisj  \\  hitby. 

Stephanoceras  Braunianum,  lyOrhigng. 

1844.    *Tenr.  Jup/  tab.  civ.  fig.  8. 

The  Yorkshire  shells  that  I  refer  to  this  f^pecies  have  fewer 
radii  than  are  given  by  D'Orbigny's  figure.  They  would  appear 
to  be  included  in  8,  commune,  by  Simpson. 

Oeoiogical  position, — Zone  of  A.  communis,  Whitby,  Peak,  &c, 

Stephanoceras  crassum,  Toung  and  Bird. 

Plate  VIII.,  fig.  5. 

1822.  28.    •Geol.  Surv.'  p.  253. 

1829,36,75.    PhillipB.    'GeoL  York.*  pi.  xii.  fig.  15. 

1843,  55.    Simpson.    'Mon.  Am.'  and  '  Fobs.  T.  L.'  p.  54. 

Syn.    1843.    Andnm.    Simpeon.    <  Hon.  Am.'  and  1855,  *  Foes.  T.L.'  p.  59. 

1844.  BaquinianuB,    D'Orbigny.    *  Terr.  Jar.' pi.  oyi. 

1855.    AnnrdifenUj  incnutat'uty  eraaaulomu,  orastibundus,  cr(iS8iu9eulu$^ 
eroBtiuicuiotus,  puteoUU.    Simpson,  loc.  eit  pp.  50-58. 

The  &mily  of  shells  allied  to  this  species  is  so  very  variable 
that  there  is  no  mean  between  naming  every  minute  difference 
as  Simpson  has  done  and  throwing  them  into  groups.  I  have 
ohoeen  the  latter  method  and  unite  all  those  which  may  be 
called  inflated  S,  commune,  under  the  present  name,  and  those 
that  stand  in  the  same  relation  to  S,  annulatum  under  the  next. 
They  seem  to  develope  tubercles  indiscriminately,  so  that  the 
feature  is  not  a  safe  guide.  Of  the  various  local  names,  annuli- 
fems  represents  one  not  far  from  5.  commune,  incrassaius  is  a 
young  form  with  tubercles,  crassidosm  one  with  more  remote 
radii,  crassibundus  I  have  not  seen,  but  it  appears  to  be  a  de- 
pressed form  by  its  descr i-pt\ < m,  crassiusculus  is  rather  stout  with 
titrong  radii,  crassiusculosus  I  have  not  seen — it  may  possibly  not 
belong  here — and  puteolus  is  the  most  transverse,  inflated  aud 
umbilicated  of  the  series,  and  is  the  form  figured.  Andre(B 
must  range  among  the  tuberculated  varieties. 

Geological  position. — Zone  of  ^.  communis  and,  perhaps,  serpen" 
tinus,  Whitby,  Boulby,  &c. 

Stephanoceras  Desplacei,  D'Orbigny. 

1844.     '  Terr.  Jur.'  pi.  cvii. 
Syn.     1848.     Crasmhu,  Cro»heyi.     Siminson.     '  Mon.  Am.* 

1855.      Cra^Mulus,  Croiihei/i,  craf^tioidei<,cr<utffi/artnii,  And<ri*oni.  Simpson. 
•  Foss.  Y.  L.'  pp.  r)l-i)8. 

The  several  varieties  of  the  last  appear  to  be  repeated  here. 
The    typical    form    is    what  D'Oibignj's  figure  of  JS.  Desplacei 
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would  be  without  the  tubercles  which  occur,  however,  in  a  few 
Yorkshire  specimens,  and  it  is  the  crassoides  and  erassifadui  of 
Simpson.  The  two  earlier  imposed  names  refer — crastulus  to  a 
young  form,  and  Crotheyi  to  the  very  involute  form  as  puteoUu  of 
the  laht  series.     The  AnderBoni  I  have  not  seen. 

Oeologiccd  posiHan, — Zones  of  A,  communis  and  serperUinua, 
Whitby,  &c. 

Stephanoceras  flbulatum,  Soweti^. 

1823.  *  Min.  Con.'  pi.  ooocviL  fig.  2. 

1828.  *  Geol.  Sunr.'  pi.  xiu.  fig.  9. 

1843.  SimpBon.     *  Mon.  Am.'  and  1855,  *  Foes.  Y.  L.*  p.  58. 

Syn.    1822.  Armaiui.    Young  and  Bird,  loc.  cit. 

With  the  shape  of  S,  Holandrei,  the  ribs  of  8,  annulcUumj  this 
unites  the  peculiar  looping  of  the  ribs  that  leads  on  to  the  next 
series. 

Geological  position.  —  Zone  of  A,  communis^  Whitby,  Loft- 
house,  &c, 

Stephanoceras  subarmatum,  Toung  and  Bird. 

1822.  *  Geol.  Surv.'  pi.  xlii.  fig.  3. 

1823.  Sowerby.    *  Min.  Con.'  pL  coccvii.  fig.  2. 
1828.     Young  and  Bird,  loc.  cit.  pi.  xiv.  fig.  8. 

1843.    Simpson.    *  Mon.  Am.'  and  1855,  •  Foes.  Y.  L.*  p.  60. 
Syn.     1843.    Semiarmattu,  vortex,  vorticeUtu  ?    Simpaon,  loc,  cit  pp.  59, 60. 

There  is  a  second  series  of  shells  inscribed  under  this  name, 
similar  to  the  8.  crassum  series,  but  having'  far  more  marked 
tubercles,  spines,  or  fibulations,  and  having  in  general  a  quad- 
rate and  often  transverse  aperture.  Simpson's  semiarmatus  would 
appear  to  be  a  monstrosity.  His  vortex  is  a  variety  with  more 
distant  ornaments,  though  he  says  the  sutures  are  different. 
VorticeUus  I  have  not  seen,  but  its  description  is  that  of  many 
S,  ntbarmata. 

Oeological  position. — 2jone  of  A.  communis  f    Whitby,  &c, 

Stephanoceras  fonticulunii  A'aifwoii. 

Plate  I.,  fig.  10. 

1855.    *  Fobs.  Y.  L.' p.  57. 
Syn.    1855.    Foveatus.    Simpson,  loc,  cit,  p.  57. 

This  is  similar  to  ^g.  OrenouiQouxi,  but  the  ludii  on  the  inside 
of  the  whorls  are  united,  two  and  two,  into  tubercles,  as  in 
S.  fibulatum. 

The  whole  side  of  the  shell  is  an  umbilicus.  Each  tubercle 
has  3  or  4  ribs,  corresponding  to  it  on  the  front,  which  is  trans- 
versely convex.  It  is  an  extreme  form  of  &  suharmatum^  as  the 
variety  puteolus  is  of  S,  crassum,  but  seems  worthy  of  standing 
by  itself. 

its  resemblance  to  ^g.  GrenouiUmixi  Rhows  how  JEgoceras  and 


H02  PALyCO^TOLCHlY. 

Si^hanocerm  m%y  approach   ©ach    other,   if  tbfise   speciea  are 
rightly  a^ignedp 
Oeologi&d  pogUiQn,--'VTQha,h\y  zone  of  A  serpentinus^  Whithj, 

Stephanoceras  crassescens,  Smpam. 

isdo.     *  KoiiB,  V.  L.'  p.  56. 

ThiB  mo»t  remarkable  Ammonite  I  c^hould  have  taken  for  a 
monstrositj,  if  1  had  not  ^een  five  ex:amplee  of  it*  ltd  inner 
whorls  resemble  those  of  the  last  species^  except  that  the  spinas 
are  longer,  aiid  the  n no bi liens  not  so  deep^  whOe  the  enter  whorl 
gradually  put«  on  the  appearance  of  S,  Hdandrei^  being  eem- 
pressed  and  without  tubercles*  The  exiateuce  of  snch  a  form 
wDuld  appear  to  |>rove  the  close  alHance  of  the  whole  sfiri*»s. 

GetdfHjivfil  pai*itwn.  —  Zone  of  j4,  communis,  Whitby. 

Stapbanoceras  gracUe^  Simpson. 

PI.  VIL,  fig.  8. 
1843.     *  Mon.  Am/  and  1855,  '  Fois.  Y.  L.*  p.  54. 

A  email  gregarious  species,  with  the  inner  edges  of  the  whorl  a 
rather  prominent,  sides  flattish*  the  front  elevated ;  numeroua 
fine  treD chant  rib«,  about  the  same  in  proportion  a«  in  8,  com^ 
mune.     Aperture  sub-pentagonal,  as  wide  as  high. 

The  whork  are  slender  and  weU  separated,  and  there  is  no 
mistaking  it  for  S*  cmnmune, 

Get}lofjical  position.  —  Zone  of  A.  ierpentinm^  of  which  it  in 
very  characteristic,  occnrring  in  neats  and  on  the  nhale,  Whitby, 
Sandwnd.  Skelton. 

GENUS  HARP0CERA8. 

Harpoceras  Algovianum,  Oppel 
PL  VIII.,  fig.  1. 

1862.    *  Pal.  Mitth.'  p.  137. 

1868.    Reynes  'Essai  de  Gfol.  et  de  Pal.  Aveyronnaises,'  pi.  ii.  fig.  1. 
Syn.     1828.     NiUscens.     Young  and  Bird,  he.  eit,  p.  257. 
1843,  55.    Nitetcent.    Simpson,  loe,  eit  p.  87. 

Evobite,  oompreased,  with  oblong,  rather  depressed  whorls: 
outer  whorl  -^  diameter;  inner  whorls  ^  concealed;  24  to  32 
moderately  strong  sigmoidal  ribs,  enlarging  almost  to  a  tubercle 
on  the  outside,  where  they  bend  forward  and  form  an  obsolete 
side-keel ;  front  with  a  low,  uncrenated  keel  between  two  very 
shallow  furrows. 

This  has  great  resemblance  to  H.  striattdumj  but  it  is  flatter, 
and  the  ribs  are  more  conspicuous.  Young  and  Bird  did  not 
figure  nor  fully  describe  their  species,  and  Simpson's  description 
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18  not  sufficiently  accurate.  As,  therefore,  Oppel's  name  has 
been  illustrated  by  Reynes's  beautiful  figare/and  the  sutures  are 
also  in  exact  agreement,  I  have  adopted  the  later  name. 

The  specimen  figured  is  not  a  typical  example,  but  one  which 
I  refer  to  this  species,  although  its  ribs  are  stronger  and  the 
tubercles  are  more  distinct;  but  this  is  probably  due  to  size. 
This  specimen  recalls  somewhat  the  appearance  of  H,  Levisoni, 

Geological  position,  —  Zone'  of  A.  margaritatus,  Hawsker, 
Staithes,  Marske  Mill,  Saltbum,  Rockcliflf  (rare). 

Harpoceras  concavum,  Sowerby. 

1815.    *  Min.  Con.'  pi.  xciv.  fijc.  2. 
Syn.     1822.    ElegaM.    Toung  and  Bird.   *Oeol.  Surv.'p.  267(nonSowerby). 

1843,  55.    pare.  Simpson,  loc.  cU.  p.  72. 

1829,  35,  75.     Ovatus.    Phillipa.    *  Geol.  York.'  pi.  xiii.  fig.  10. 

Although  Sowerby's  type  was  described  from  the  Oolite 
above,  yet  the  species  which  occurs  in  the  Annutatus-heds  of 
Yorkshire  corresponds  in  all  respects  to  his  description.  How- 
ever, as  the  shell  grows,  the  outer  whorl  leaves  the  umbilicus, 
and  the  inner  whorls  are  more  exposed.  They  then  have  a 
longitudinal  line  near  the  inner  edge,  as  noticed  by  Simpson, 
though  this  is  by  no  means  peculiar  to  this  species.  Their  shell 
was  a  very  thin  one.  The  ribbing  is  variable,  and  never  well 
marked,  often  being  almost  reduced  to  striae. 

Although  Sowerby's  specimen  was  supposed  to  come  from  the 
Inferior  Oolite  of  llminster,  it  is  not  impossible  it  may  have 
come  from  the  Lias  of  that  locality.  The  shells  named  conoavus 
in  collections  from  the  higher  zone  may  be  easily  distinguished 
from  the  present,  which  is  recognised  all  over  Europe  in  the 
lower  part  of  the  Upper  Lias. 

Geological  position. — Zone  of  A.  annulaiua^  at  the  junction  with 
the  zone  above,  Runswick,  Whitby. 


Harpoceras  aalense,  Zieten. 

1830.    *  Verateinemngen  Wurtemberga,'  pi.  xxviii.  fig.  3. 
Syn.     1829,  35.     V  Siami/er.    Phillipe.     *  Geol.  York.'  pi.  xiii.  fig.  4. 
1855.    Rugatulut,  ovcUulus  f    Simpson,  loc.  cit.  pp.  73,  76. 

The  combined  characters  of  an  untruncated  inner  edge  to  the 
whorls,  and  an  irregularity  in  the  ribbing,  which  is  not  strongly 
marked,  suffice  to  separate  this  from  others.  It  is,  however,  one 
of  those  smaller  forms  of  which  one  can  never  be  sure  that  one  is 
not  dealing  with  young  individuals.  The  same  shell,  or  one 
at  this  stage  undistinguishable  from  it,  occurs  in  the  Inferior 
Oolite. 

Geological  position. — ^Zone  of  A.  serpentinus,  Whitby,  Runswick, 
&c  :  also  in  the  Inferior  Oolite. 
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Harpoceras  lythense,  Taung  and  Bird. 

PL  n.,  fig.  4. 

1822,8.    *Geol.  Surv.'p.  267. 
1829,  35.     PhillipB?  loe,  eU.  pi.  xiii  fig.  6. 
1843,  55.    Simpson,  loe.  ett.  p.  74. 
8}m.    1844.    Omeavwi    lyOrbigiiy.    ' Tecr.  Jar.' pi.  cxvi. 

1829,  35,  75.    Exarai/iu.    Pbillips,  2oe.  eU.  pL  xiii  fig.  7. 

1855.    MtdH/dUatus  f  Ceptophyuu$,    SimpeoD,  loe,  cU.  pp.  73,  80. 

The  typical  form  of  this  species  has  never  yet  been  properly 
fignred,  that  which  Phillips  gives  not  being  suflBciently  chimus- 
teristic,  and  his  figure  of  A.  exarahu  being  mnch  more  like  this 
species.  The  figure  of  D'Orbigny,  who  unites  it  to  J91  coneavum, 
is  the  best,  but  not  quite  like  &e  Yorkshire  forms. 

The  inner  whorls  are  not  quite  concealed ;  the  inner  edge  of 
the  last  whorl  is  vertical;  towards  this  edge  the  side  of  the 
whorl  is  longitudinally  depressed,  and  almost  smooth,  whence 
the  falciform  ribs  inciease  in  size  (owaids  the  front,  which  is 
almost  rounded  in  the  cast,  but  has  the  keel  standing  out  sharp 
in  the  shell.  The  sides  of  the  whorls  are  remarkably  flat,  thougn 
the  rapid  rise  at  the  inner  edge  makes  it,  notwithstanding,  a  stout 
shell. 

Geological  position. — Zone  of  A,  communis,  Whitby.     Passim. 

Harpoceras  simile,  Simpson. 
PL  I.,  fig.  4. 

1845.    *  lyion.  Am;  and  1855,  *  Fobs.  Y.  L.'  p.  74. 

The  species,  for  which  this  name  may  be  retaioed,  is  inter- 
mediate between  H.  lythense  and  the  next  to  be  described.  It 
differs  fiom  the  former  in  being  inflated  on  the  sides,  instead  of 
being  flat ;  its  umbilicus  is  larger,  and  the  whorls  decline  at  first 
giadually  into  it,  and  afterwards  by  a  very  short  truncated 
portion,  which,  however,  is  nearly  perpendicular ;  the  greatest 
thicknehs  of  the  whorl  is  near,  but  not  quite  at,  the  inner  edge. 
It  differs  from  H.  suhconcavum  in  the  position  of  the  greatest 
thickness  of  the  whorl,  and  other  characters  detailed  under  the 
latter  species. 

Geological  jjomfion.  —  Zone  of  A.  serpentinus,  Whitby,  &c. 
^^  Simpson). 

Harpoceras  subconcavum,  Younrj  and  Bird. 

PL  VI IL,  fig.  8. 

1822,  8.  . '  Geol.  Surv.'  pi.  xiii.  fig.  5. 
1843,  55.     Simpson,  loc.  cit.  p.  75. 
Syn.     1828      BouWiensifi  ?     Young  and  Bird,  loc.  cit.  p.  267. 
1843,  55.     Boulhiensisf    Simpson,  lor.  cit.  p.  74. 

The  (loscTiptions  hitherto  given  of  this  species  are  n(»t  very 
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distinctive,  but  the  shells  identified  with  specimens  so  labelled 
at  Whitby  have  marked  characters.  The  greatest  thickness  of 
the  whorls  is  at  about  ^  of  the  distance  from  the  inner  to  the 
outer  edge ;  from  this  point  the  surface  rapidly  slopes  towards 
the  centre,  bringing,  so  to  speak,  part  of  the  whorl  into  the 
formation  of  the  umbilicus.  The  inner  edge  is  slanting,  and  the 
inner  whorls  are  as  much  uncovered  as  ii^  the  last  species, 
i,e.  about  ^.     The  keel  has  a  slight  furrow  on  each  side. 

The  artist  has  drawn  4  ribs  too  few  in  the  figure,  and  haa 
made  the  furrows  of  the  front  too  deep. 

Young  and  Bird  thought  their  A.  houlbienns  might  be  a  variety 
of  this,  but  I  am  not  sure  that  some  now  so  called  do  not  belong 
io  H,  compactile. 

Geological  position, — Zone  of  A,  communtBy  Peak,  Boulby,  &c. 

Harpoceras  exaratum,  Young  and  Bird. 
PI.  n.,  fig.  5. 

1822,  8.    •  Geol.  Supv.'  p.  266. 

1829,  35,  75.    Phillips.    '  Geol.  York.'  pi.  xiii.  fig.  7. 

1848,  55.     Simpson,  loc.  cit.  p.  72. 

Non  Dumortier.  *  D^p.  Jurass.*  Pt  4,  pi.  xiL  fig.  1. 
Syn.     1822,  28.    EUgantulut.    Tonng  and  Bird,  Joe.  eit  p.  267.    Simpson, 
toe.  cit.  p.  72. 

The  inner  whorls  of  this  species  are  about  as  much  covered  as 
in  H,  lythenaey  from  which  it  differs  in  having  flatter  whorls, 
the  whole  shell  being  more  compressed,  and  the  consequently 
little  fall  into  the  umbilicus  is  made  by  a  very  slanting  trunca- 
tion, this  last  feature  distinguishing  it  from  H.  Mulgravium^  with 
which  it  has  been  sometimes  united.  The  radii  are  so  broad  and 
flat  that  the  ornaments  may  be  better  described  as  consisting  of 
sigmoidal  grooves,  neatly  cut  on  the  surface,  whence  the  name. 

Oeologioal  potition. — Zone  of  A,  aerpentinus,  Whitby,  &c. 

Harpoceras  caecilia,  Beinecke. 

PI.  II..  ^g,  6. 

1818.     '  Nauta  et  Argonautas,'  fig.  76,  77. 
Syn.    1843,  55.    Elegant  (pars)  ovattduaf    Simpson,  loc  eit  pp.  72,  76. 
1829,  35,  75.    Ovatwf    Phillips,  loc  eit.  pi.  xiiL  fig.  10. 

The  general  appearance  of  this  shell  is  not  unlike  that  of  H. 
cancavum,  but  the  inner  whorls  are  more  exposed  (J),  and  the 
umbilicus  is  not  so  deep.      The  ribbing  is  not  very  conspicuous. 

The  specimens  refeiTed  to  this  species  are  not  the  young  of  H. 
Berpentinum,  with  which  D'Orbigny  united  the  Naui,  cc^ia  of 
Reinecke  ;  but  they  agree  well  with  the  figure  and  description 
recently  given  by  Dumortier  of  Reinecke's  species,  as  well  as 
with  his  own.  The  ribs  have  a  tendency  to  be  fasciculated  within, 
and  the  inner  edge  is  nearly  vertical. 
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The  A.  aviUui  of  Phillips  is  neither  the  A.  ovaius  of  Young  and 
Bird,  nor  the  A,  opaUnui  of  Beinecke,  to  which  it  is  referred  in 
the  last  edition.  It  may  represent  a  variety  of  species,  bnt  is, 
perhaps,  meant  for  this. 

Oeciogieal  pontunL^-Zone  of  A.  aerpefUinus.     Passim. 

Harpoceras  primordiale,  Sddothmm. 
PL  n..  fig.  7. 

1820.    '  Petrefiftctenkunde,*  p.  65,  and  *  Nachtrag,'  pL  ix.  fig.  2. 
Syn.     1822,  28.     Ovaiw,  Young  and  Bird,  loe.  cit.  pi.  xiii.  fig.  4. 

1848, 55.     OooliM,  Simpson,  loe.  eU,  p.  76  (non  ovaius  Phillipa). 

Some  confusion  exists  about  this  species.  Schlotheim's  descrip- 
tion is  not  very  complete,  and  his  figure  appears  to  have  been 
overlooked.  The  latter  represents  a  semi-evolute  shell,  with  the 
sides  of  the  whorls  uniformly  rounded.  Notwithstanding  this, 
on  account  of  its  fine  s tries,  it  has  been  taken  for  H,  opalinum  of 
Reinecke,  which  is  nearly  involute,  and  has  the  inner  edge 
truncate.  Young  and  Bird's  figure  of  A,  avatus  represents  an 
extraordinary  form,  if  one  belonging  to  this  specie-s  at  all,  though 
their  description  is  good.  This  seems  to  have  guided  Phillips, 
who  represents  quite  a  different  shell  as  A.  ovatu8,  though  he  still 
calls  it  A.  opalintu,  Simpson's  description  of  A,  ovatus,  however, 
refers  to  the  true  species,  and  is  a  good  one.  The  A,  prtmordialis 
of  D'Orbigny  probetbly  represents  H,  opalinum.  The  amount 
of  involution  varies,  but  is  never  so  much  as  in  H,  opalinum,  and 
the  inner  part  of  the  whorl  sometimes  falls  so  suddenly  as  to  be 
almost  angular.  The  outer  part  of  younger  shells  shows  well- 
marked  sigmoidal  ribs,  but  the  final  stage  of  ornaraents  arrived  at 
at  dififerent  periods  is  always  that  of  fine  .sigmoidal  striae,  and 
the  keel  is  sharp. 

Oeological  position. — Zone  of  A.  coiiunnniii  (towards  the  base), 
Whitby. 

Harpoceras  elegans,  Soioerby, 

1815.     *  Miu.  Con.' pi.  xciv.  (non  Pi.illips,You!i';aud  Bird.  nroSinipsoii 
1829,  35,  75.     Phillips,  lor.  rit.  'Srd  cl.  pi.  xiii.  fig.  12. 
ISyii.      1822,  8.     Muhjrariuft.     Young  and  Bird,  loc.  cit.  pi.  xiii.  fig.  8. 

1843,  55.     Muiqrariux  (purs).     Simpson,  hr.  cit.  p.  73. 
1829,  35.     Muigraviun.     Phillips,  k.c.  cit. 

1876.     Falcifer.     Phillip.-,  loc.  cit.  (n..n  Sowerby  . 

1844.  Cimnplfinatiuf.     D'Orhigny.     '  Tfrr.  Jur.' pi.  .'xiv. 
18.56.     Subjylanatus.     OpiKd.     •  .Tnrat'orm.' p.  244. 

Oppel  has  shown  that  D'Oihii^ny's  n  ime,  annphinatus,  has  not 
tiie  authority  of  Bruguiere,  whose  species  belonsced  to  upper 
Jurassic  rocks  ;  and  Nince  the  eJajauft  of  Sowerby  is  the  next 
oldest  name,  it  imist  coiue  iut'>  nse,  alth<'iig;]i  Oppel  invented 
the  iH'W  name,  .*ti(hphinatu8,  uiider  the  idea  tliat  1  VOibignv's  was 
not  the  suine  a.s   Sowerby 's  species:   bnt    ij'   it    wt-re    not,   tlien 
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Young  and  Bird's  name  would  have  priority.    Simpson's  Mul- 
gravitu  includes  the  next  species  also. 

Geological  position, — Zone  of  A,  commutM^  Whitby,  &c. 
„       A.  serpeniinua,  Bunswick. 

Plarpoceras  serpentinum,  Beineeke. 

1818.    *  Nautili  et  Argonautte,'  figs.  74,  75. 
Syn.     1^20.     Falcifer,  Strarigewayn.     Sowerby.     *  Min.  Con/ pi.  ocliv. 

1843,  55.    Mulgravius  (pars)  altematus.    Simpson,  loc.  cit.  pp.  73,  86. 

The  A.  falcifer  of  Sowerby  appears  to  me  rather  to  be  the 
young  of  this  than  of  the  last ;  its  true  young  state  is  very  like 
the  H.  ccRcilia,  with  which  Sowerby's  species  has  often  been 
united. 

The  A,  altematus  of  Simpson  is  a  curious  form,  in  which  the 
inner  sides  of  the  whorls  are  undulating,  but  it  dearly  belongs 
here. 

Geological  position.-^-Zone  of  A,  serperUinus  (characteristic). 
Passim. 

Harpoceras  bifrons,  Bruguihe. 

1789.     *  Enovdop.  Method.'  p.  40. 
1 843.     D'Orbigny.     *  Terr.  Jur.*  pi.  Ivi. 
Syn.    1815.    WalcoUu.    Sowerby.     *  Min.  Con.' pi.  cvi. 

1822,  8.    HUdenns.    Young  and  Bird,  pi.  xii.  fig.  1. 
1843,55.     WalcoUii^hildenns.   Simpson.    'Mon.  Ara.'and  *  Foss,  Y.'L.' 
p.  99. 

Yonng  and  Bird  considered  their  A»7/^««  as  synonymous  with 
the  WaJcottii  of  Sowerby ;  but  Simpson  distinguishes  two  varieties, 
to  which  he  assigns  the  separate  names,  his  A.  hildensis  having 
a  more  triangular  front,  and  occurring  in  the  jet-rock. 

Geological  position. — Zone  of  A.  communis.     Passim. 

„       A,  serpentinus,     (Simpson.) 

Harpoceras  Levisoni,  Simpson. 

1843.     *  Men.  Am.'  and  1855, '  Fobs.  Y.  L.*  p.  99. 

1874.    Duniortier  *  Depots  Jurassiqnes,'  Pt.  4,  pi.  ix.  figs.  3,  4. 

Dumortier,  who  gives  a  very  good  figure  of  this  species,  says 
it  is  very  common  in  the  Rhone  di&trict.  It  is  a  very  near  ally 
to  H.  hifrons,  difl'ering  from  it  in  having  no  longitudinal  furrow, 
the  ribs  either  reaching  the  inner  margin,  or  being  nearly 
obsolete  there,  and  they  consequently  show  more  of  their  sig- 
inoidal  character.  The  furrows  also  on  the  front  are  not  quite  so 
deep. 

Geological  position. — Zone  of  A.  serpentinus,  Whitby,  Wester- 
dale. 

F  2 


a08  rAi*-«o?n^>i.xMT, 

Harpoceras  latescens,  8%mpmm. 
Vh  VIL,  %,  7,  a,  h 

1843.    ^Moh.  Am/  and  18SS,  'Fow.  Y.  V  p.  100. 
Eiyn,     1S56.     J9«enaaitnt  .     Oppel.    'Jnr.'p.  242. 

More  e volute  than  ff,  Lemsotii,  and  leading  on  from  tlienoe  lo 
H.  mhcort/^twum,  thi^  outer  wiiod  is  |th«  the  diameter,  and  hau  30 
wijrraoid  ribs*  (the  fi gnn*  hai^  4  too  few),  which  on  thts  inner 
whork  are  rather  fasciculated ;  the  front  and  it«  Iwo  furrowis  are 
very  v*eat. 

This  ifi  ohvioiifily  th^  A*  Sfemanni  of  Oppeh  which  he  recorda 
from  Yo  kshire,  and  says  differs  from  A^  Ufrom  by  its  more 
numaruuH  ribs,  which  reach  the  itmer  edge,  the  flrrtt  of  which 
ch 4  meters  preventt  it^  identification  with  H,  L*frwoni.  Se«^ 
Diimortier,  loc.  cif.  ph  13,  fig.  4. 

Geologiccd  position.  —Zone  of  A,  Merpentinm,  ^V  hitby, 

Harpoceras  striatulum,  Sowerhif, 
IBliS.    '  Mb.  Con;  ph  OMtrxiL  tig.  L 

G^olofiml  jKmtifm.—ZoriG  of  A.  Jttrmtis,     Peak,     Ion  tig  aui! 

Bird  Ktafe  thi^t  it  is  aim  ft>nnd  in  lhe  dogger  at  Glaized^le;  but 
W(»  httV4*  not  tnet  with  il  even  in  the  sandy  beds  at  BW  Wyke  j 
but  it  i-^  qnve  characteriatie  of  the  bedg  below. 

Harpoceras  compactile,  Simpa&n, 
PL  Vni.  fig.  6. 

1855.    «Fofl8.  ofY.  L.'p.75. 
Sjrn.    1830.    fDepre$nu.    Zieton.    *  Versteineningen  Wiirtemberga.'  pi.   y. 
fig.  5  (non  Brugiii^). 

This  species  appears  to  be  almost  peculiar  to  Yorkshire,  as  I 
have  not  seen  anything  like  it  figured  from  elsewhere  except 
that  referred  to,  which,  liowever,  has  more  numerous  ribs. 
Zieten's  name  cannot  be  adopted  as  it  was  pre-oocupied.  The 
shell  figured  by  him  has  been  united  by  authors  to  his  A.  dia- 
coideSy  which  is,  however,  distinguished  from  the  present  by 
being  without  a  true  keel.  H,  compactile  is  excessively  de- 
pressed, has  a  very  small  umbilicus,  in  which  scarcely  any  of 
the  earlier  whorls  can  be  seen;  the  inner  truncated  edge  is 
slanting,  and  has  a  slight  rim  round  it :  the  keel  is  bordered  by 
two  slightly-marked  depressions,  llie  radii  are  numerous; 
though  variable,  sigmoidal,  most  marked  on  the  outside,  and 
not  so  strong  as  in  H.  lythense.  Although  very  thin,  it  is  more 
convex  than  H.  lythense,  its  nearest  ally,  because  the  front  is  so 
excessively  sharp. 
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It  is  possible  that  t»ome  of  the  shells  called  A,  houlbieMis  may 
be  only  inflated  Tarieties  of  this. 

Oeological  position, — Zone  of  A.  jurensisy  Peak,  where  it  is  not 
uncommon,  and  very  characterihtic. 

Harpoceras  lectum,  Simpstm, 

Plate  VIII.  fig.  7. 

1843.    *  Mod.  of  Amm.'  and  1855  *  Fobs.  Y.  L.'  p.  75. 
Syii.    1874.    Lifmpharum,    Dumortier.    '  D^p.  Jar.'  pt  4,  pi.  xvi.  figs.  5,  6. 

involute,  compressed,  whorls  uniformly  rounded,  only  the 
slightest  possible  truncation  visible  on  the  inner  edge ;  the  keel 
separated  from  the  sides  by  a  longitudinal  line.  The  radii  and 
striee  are  almost  obsolete,  quite  invisible  on  the  oast. 

It  is  satisfactory  to  find  this  species  so  exactly  represented  on 
the  same  horizon  in  France.  The  nearest  ally  is  H.  aerroderu  of 
Quenstedt,  from  which  it  differs  by  being  more  involute,  and 
having  a  separate  keel.     It  is  always  of  small  size. 

Geological pontion.—  Zone  of  A.  juremis.    Peak. 

Harpoceras  Beanil,  Simpson. 

1843.    'Foss.  Y.  L.'p.  77. 
Syn.     1822,  8.    Ohliquatus.    Young  and  Bird,  loc  eit.  p.  265. 

1843,  55.    OUiauatui,    Simpaon,  loccitja.  76. 

1844.  Variabdii,    D'Orbigny.    *  Terr.  Jur.*  pi.  cxiii. 

This  was  well  described  by  Simpson  in  1848,  and  though  it  is 
undoubtedly  the  same  as  the  well-figured  species  of  D'Orbigny, 
I  do  not  consider  this  as  sufficient  reason  for  ignoring  the 
priority  of  the  former,  especially  as  his  description  is  closer  to 
the  Yorkshire  forms  of  the  shell,  which  are  more  involute  than 
D'Orbigny*s  figure.  The  knobs  on  the  inner  edge  which  cha- 
racterise it  in  youth  disappear  with  the  ribs  in  age,  and  it 
becomes  flatter,  and  almost  smooth;  in  which  stage  it  was 
imperfectly  described  by  Young  and  Bird  as  A,  MiquaHu,  In 
extreme  youth  this  species  is  very  similar  to  the  young  forms  of 
H.  MurchiaoncB  or  H,  aalense, 

Oeological  position, — Zone  of  A,  jwrensis.  Peak. 

Harpoceras  comense,  Von  Buck. 

1831.    '  Fetrefaotions  Bemarqnables,'  pL  ii.  figs.  1-3. 
1874.    Dumortier.   '  D^p.  Jur.'  pt  iv.  pL  zx.  figs.  1-3  (non  D^Orbigny, 
Quenstedt,  &c.). 
Sjm.    1855.    ¥abali$y  pinguia.    Simpaon,  he.  dt  pp.  77, 100. 

I  should  not  have  been  able  to  identify  the  Yorkshire  shell 
described  by  Simpson  as  A,  fdbaUsj  with  the  H.  comense  of  Yon 
Buch,  except  for  the  figure  and  description  given  by  Dumortier, 
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which  shows  more  clearly  than  those  of  the  original  author 
what  form  the  shell  may  take.  This  may  be  described  as  having 
narrower  whorls  than  H.  Beanii,  and  the  radii  much  stronger. 
The  shape  of  the  aperture,  and  its  less  inflation,  distinguish  it 
from  H.  iiaignBy  as  also  do  its  lobes. 

Geological  position, — Zone  of  A.  jurensis.  Peak. 

Harpoceras  insigne,  Schubler  in  Zieien. 

1830.    '  Versteinerungen  Wiirtembergs,'  pi.  xv.  fig.  2. 
1844.    D'Orbignv.    *  Terr.  Jur.*  p.  cxii. 
Syn.     1843.     PhiUipsii.   Simpson.    '  Mon.  Am.'  and  1855,  *  Fobs.  L.Y.'  p.  78. 

The  distinguishing  feature  of  this  species,  its  triangular 
aperture,  is  well  shown  by  specimens  in  the  Leckenby  Collection, 
which  were  obtained  in  the  Holderness  drift,  and  presumably 
came  from  the  Yorkshire  Lias,  and  also  by  the  Phillipni  of  Simp- 
son, whose  locality  is  unknown :  the  latter  is  more  involute  than 
the  full-grown  type.  Dr.  Wright  quotes  this  species  from  bed 
No.  6  at  Blea  Wyke,  but  we  have  not  found  it  in  situ. 

Geological  position, — Probably  zone  of  A.  jurensis. 

Harpoceras  rude,  Simpson. 

1843.     *  Mon.  Am.*  and  1855  *  Foss.  Y.  L.'  p.  87. 
Syn.     1874.    Malagma.    Domortior.    *  Dep.  Jiir.  pt.  4,  pi.  xxii. 

I  should  have  considered  this  an  abnormally  rough  and  open 
U.  comense,  if  the  same  form  had  not  been  figured  by  Dumortier, 
which  proves  its  persistence. 

The  inner  whorls  are  scarcely  concealed ;   the  radii  are  very 

strong  and   nearly  straight,  and  rise   in   pairs   or  threes    fr<»ra 
irregular  Hwelliii<!;s  un  the  inside,  with  occasional  separate  ones. 
Geological  2^08ii  1011.  -Unknown.      IVobably  zone  of  A.  jurensi a 

I  add  here  the  descriptions  of  such  of  Mr.  Simpson  s  species  as 
I  have  not  seen,  or  of  which  I  am  in  some  doubt  as  to  their  being 
well  established. 

Aimtu/nites  })€re(jrinus,  ]>.  36. 

"  A  fragment  with  a  finely  rounded  back,  equal  to  a  semicircle,  then  a 
sudden  depression  on  the  side,  a  flat  space,  and  a  sliallow  umbilicus  ;  siph- 
uncle  well  displayed  where  the  shell  is  wanting,  transverse  stria^  numerous, 
flat,  in  places  nearly  obsolete,  diameter  3  inches." 

This  may  possibly  bi';  a  large  A'jfjoceras  planorhe^  but  the  description  is 
obviously  insufficient. 

Ammonites  Jahratus^  p.  30. 

**  Inner  volutions  concealed,  outer  whorl  nearly  |  the  diameter ;  umbilicus 
small  with  an  elevated  rim;  strije  numerous,  fine,  slightly  fimbriated  or 
roughened,  a}ierture  ovate ;  diameter,  2^  inches."  "This  also  greatly  re- 
sembles A.  heterophyHus,  but  it  has  a  rim  round  the  umbilicus,  and  tlie 
septa  are  more  simple  and  of  a  different  form.     Specimen  imperfect." 
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The  dififerenoe  of  the  sutures  seems  to  indicate  that  this  is  not  a  PhyUo- 
a^as,  but  I  cannot  guess  its  nature. 

Ammonitef  errcUus,  p.  37. 

"Much  depressed ;  volutions  4,  inner  ones  -^ths  concealed,  outer  whorl 
half  the  diameter,  sides  flatted ;  radii  twice  bent,  unequal,  pass  over  the 
back ;  aperture  ovate ;  diameter,  ^  inch."  "  ll)is  Ammonite  reminds  one  of 
A,  elegant  or  A.  exaratus ;  but  it  is  entirely  destitute  of  a  keel.  The  shell 
is  thin  and  of  a  greyish  colour,  and  where  it  is  absent,  the  cast  is  black 
and  shining.     Jet  roci?,  U.  L. — Whitby." 

I  have  seen  this  specimen,  but  should  not  venture  to  name  a  shell  which 
may  be  only  an  abnormal  individual  of  one  of  the  species  quoted,  without 
seeing  more  than  one. 

Ammonites  iurriculatu9^  p.  59. 

**  Volutions  6  or  7,  much  exposed,  outer  whorl  i  the  diameter,  sides  de- 
pressed, inner  margin  prominent,  sliarply  rounded ;  radii  numerous,  fine, 
annular,  pass  over  the  back  undivided,  with  short  ones  there  frequently 
introduced ;  on  the  outer  edge  of  the  whorls  a  row  of  tubercles  or  short 
knobs  at  intervals  of  5  or  6  radii ;  aperture  sub-quadrate,  diameter  2a  inches. 
This  rather  a  robust  shell  The  radii  are  fibulated  at  the  tubercles,  and 
nearly  obsolete  at  the  aperture.     Syn.  A,  Dav€ei\  Young  and  Bird." 

I  have  seen  this  specimen,  and  though  it  has  a  similar  appearance  to 
Stephanoceras  Davoei,  I  cannot  feel  sure  it  is  more  than  an  extreme  variety 
of  8.  fihulatum.  No  specimens  of  the  former  have  ever  been  seen  by  us 
in  their  proper  horizon. 

Ammoniiea  sinuaius^  p.  62. 

**  Volutions  exposed,  outer  whorl  \  the  diameter,  sides  convex ;  radii 
obtuse,  separated  by  rather  wide  concave  spaces,  commence  on  the  inner 
margin,  slightly  incline  towards  the  aperture,  and  then  in  the  opposite 
direction  from  a  row  of  tubercles  on  the  outer  margin,  nearly  obsolete  on 
the  back ;  aperture  ovate  or  subquadrate ;  diameter,  4|  inches.  A  fh^- 
ment,  L.  L." 

1  have  seen  this  specimen  in  the  Whitby  Museum ;  it  agrees  fairly  with 
the  description,  but  I  cannot  identify  it  with  certainty. 

Ammonites  vetuttus,  p.  88. 

"  Volutions  5,  inner  ones  nearly  concealed,  outer  whorl  ^  the  diameter, 
radii  strong,  obtuse,  nearly  obsolete  on  the  inner  whorls ;  keel  an  obtuse 
angle,  aperture  ovate ;  diameter  1-^  inches.  The  shell  is  roughiah,  the 
cast  smooth,  and  the  foliations  of  the  septa  simple^  in  general  form  it  comes 
near  to  the  more  depressed  Tarieties  of  Am,  driatului,  but  the  whorls  are 
numerous,  and  the  shell  is  without  strias.  J  believe  it  is  from  the  lower 
lias  at  Robin  Hood's  Bay." 

I  have  not  seen  this  ^ell,  and  can  only  suggest  its  possible  relation  to 
j^ocerew  longipontinum. 

In  addition  to  these  are : — A,  delicatus  and  A.  anguiformi$ ;  A.  petr%eo9u$t 
a  double-spined  ^goceras  ;  A.  aiientu,  a  broad  whorled  ArieMOy  which 
are  probably  young  shells,  from  their  size,  but  of  which  I  am  not  able  to 
suggest  the  adult. 
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FAMILY  NAUTILIDJE. 

GENUS  NAUTILUS. 

Young  and  Bird  noticed  two  species  of  this  genus,  one  of 
which  I  re^rd  as  doubtful,  besides  the  two  Ammonites  that 
they  called  l^autili.  Phillips  re-named  the  doubtful  form,  and 
Simpson  added  two  more,  but  without  sufficiently  distinguishing 
characters. 

Nautilus  striatus,  Soweihy. 

1817.    *  Min.  Con.'  pi.  olxxsii.  (non  Simpflon). 
Syn.    1828.     XJfidulaUu.    Tonng  and  Bird,  loc.  eU,  p.  272. 

1829,  75.    AnnularU.    Phillips.    *  Qeol  York.'  pi.  xiii.  fig.  18. 
1855.    Simpson,  loe,  oit,  p.  88. 

Although  Simpson  identified  Young  and  Bird's  ostacoideB  with 
this,  the  identification  will  not  stand.  The  present  species  has 
a  more  open  umbilicus  and  more  quadrate  aperture,  and  is 
strongly  striated.  It  seldom  grows  here  to  great  size,  the  largest 
being  about  5  inches.  A  variety  described  by  Simpson  under 
the  same  title  may,  perhaps,  really  belong  here. 

I  have  examined  the  type  of  Phillips's  N.  annularis^  and  it  is 
only  a  variety  of  this  species. 

Geological  position. — Zones  of  A,  planorhisy  Cliff;  A.  angfdatut^ 
Cliff,  Redcar,  Eston  Pit;  A.  Bucklandi,  Redcar,  Marske,  Eller- 
beck. 

Nautilus  intermedius,  Sowerhy. 

1816.     '  Min.  Con.'  pi.  cxxv. 
Syn.  ?  1855.     Antacoides.     Simpson.     '  Foss.  Y.  L.'  p.  33. 

This' is  also  a  striated  Nautilus,  but  its  front  is  gently  trun- 
cated, and  its  umbilicus  is  a  little  wider  than  in  the  last. 
As  Simpson's  astacoides  is  said  to  have  its  **  back  flatted,"  it 
may  be  meant  for  this. 

Geological  portion. — Zone  of  A.  oxynotus,  Kobin  Hood's  Bay 
(3  exs.). 

Nautilus  araris,  Dumortier. 
1869.     *  D^p.  Jur.'  Pt.  3,  pi.  vi.  fig.  7. 

This  Middle  Lias  Nautilus  is  distinguished  by  the  aperture 
becoming  narrower  towards  the  front  before  making  the  con- 
vexity, and  by  the  obliquity  of  its  septa.  Its  umbilicus  is  about 
as  open  as  in  the  last. 

Geological  position. — Zone  of  A.  armaius,  Robin  Hood*s  Bay. 
One  poor  example. 
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Nautilus  astacoides,  Young  and  Bird. 

1828.  *  Geol.  Surv/  pi.  xiii.  fig.  2. 

1829,  35, 75.    Phillips.    '  Geol.  York.*  pi.  xii.  fig.  16. 

The  umbilicus  in  this  species  is  smaller  than  in  any  other 
from  this  formation,  and  the  height  of  the  aperture  is  greater 
compared  to  its  breadth*  Both  these  features  distinguish  it 
from  N.  striatus.  There  are  also  few,  if  any,  strisB,  though 
the  shell  is  seldom  seen.  It  attains  a  diameter  of  more  than 
6  inches. 

Geological  pontion.  —  Zones  of  A,  communis  and  serpentinusy 
AVhitby,  Lofthouse. 

Nautilus  Jurensis  ?  Quendedt. 

1858.    *Jura.'pl.  xlLfig.  1. 
Sjm.    1855.    Heterogmeui.    Simpson,  Joe.  eiL  p.  33. 

Simpson  gave  his  name  to  a  specimen  which  shows  a  bocond 
apparent  siphuncle  on  the  inside,  a  phenomenon  which  is  not  by 
any  means  confined  to  one  species ;  indeed,  it  may  be  seen  in 
specimens  of  N,  astacoides,  and  has  long  been  noticed,  Montfort 
in  1808  having  founded  a  genus  Bisyphites  upon  this.  As  Simp- 
son gives  no  other  description,  his  species  is  irrecognisable ;  the 
particular  specimen,  however,  happens  to  have  a  wide  umbilicus 
and  a  transverse  aperture;  characters  which  separate  it  from 
N.  astacoides^  and  attach  it  to  such  a  form  as  N.  jurensis.  Its 
aperture  is  uniformly  convex,  and  has  no  flattening,  or  it  might 
be  identified  with  iV.  Toarcensis  (D'Orb.),  of  which  Quenstedt's 
species  is  generally  considered  a  synonym. 

Oeohgical  position, — Unknown,  but  probably  Upper  Lias. 


ORDER  DIBRANCHIATA. 
Family  Teuthidce. 

GKNU8  BELOTKUTHIS. 

Beloteuthis  subcostatus,  MUnster. 

1844.    *  Beitrage,*  No.  VI.  tab.  5,  fig.  2. 

1849.    (Loliginite$),  'Qaenstedt.    '  Gephalopoden,'  tab.  82,  figs.  7,  8.  See 
Woodward's  '  Manual  of  the  Mollusca,'  pi.  ii.  fig.  8. 

Pen  10  inches  by  4,  of  a  rhomboidal  form,  with  two  parabolic 
wings.  The  sides  below  these  wings  are  slightly  curved.  The 
ends  of  the  wings  curve  by  a  double  flexure  into  the  part 
beyond,  and  reach  to  about  ^  the  length  of  the  pen.  Midrib 
large,  broadening  towards  the  end ;  the  sides  thrown  into  gentle 
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Geohgical  pmiiton. — Zuney  of -i.  Bucklandi,  HobiQ  Hood's  Bay, 
Hedcar,  Hillingtot) ;  A.  Q£y7iQtiiif,  Robin  Hood'D  Bay^  Redcar. 

Belemnites  calcar,  PhilUpB. 

ism.    Lve.eit  pL  u.  %5, 

ThiiJ  IB  not  recorded  by  its  author  frnm  Yorkshire,  but  a  few 
exj^mplefi  found  by  us  agree  fairly,  though  not  exaotly,  with  the 
d ascription.  They  are  very  (short,  Komewhat  etfiut,  pyramidal, 
have  striated  h  pi  cob,  and  are  remarkable  for  the  immense  si^&  of 
the  alvt:olug  compared  with  the  ^ard* 

GmAogiml  jM?*wi ton.— Zones  oi  A.  Bueklandi,  Eedcar  (1  ex.), 
Coatham  (1  ex.) ;  A.  &xynotu«,  Robin  Hood's  Bay  (I  ej£.), 

Belemnites  penicillatus,  Sow&rb^. 


1828.     *Mm.  Con;  pi.  dxc.  ilgs.  €,  0. 
1865.     Pkilhpj.    '  Urit.  Ikh.'  pL  i.  fig.  2. 
1S7S,    PhUlip*,    '  Gfol  York:  pi  xxviil  fig.  a, 

Th^  typical  forms  L^ive  an  irregular  guard,  which  is  quadrate 


^H  ^iiid  en^  irregularly,  and  has  depret^ion^  or  grooves  un  the 

^W  liidet^.     Smaller  epecimena  are  more  conical  and  lofi«  irre^l«j\ 

W  and  approach  B*  acuim.     Indeed  some,  which  are,  porhape,  best 

I  itjferrt'd  to  this  epeciea^  difier  only  from  the  bist-named  form  by 

I  being  mor©  druiilar  in  section.     These  may  be  the  B.  tjrawleevus 

I  of  Phillips,     The  specioB  is  very  nearly  allied  to  B.  campresmM 

[  (Stahl.),  but  is  not  ao  hastate. 

f  Geological  pomiimi,— Zones  of  A,  Bu^Majidi^  Dal  ton  Road  (not 

typical;;  A.  oxynoius,  Warter;  A,  armatuMy  Robin  Hood  a  Bay. 

Belemnites  dens,  Simpaon. 

1855.    *  Fo88.  Y.  L.' p.  30. 

1865.    PhUlips.    *  Brit.  BelB.' pi.  ii.  fig.  6. 

1875.    PhiUipe.    ♦  Geol.  York/ pi.  xxviii.  fig.  3. 

Only  one  specimen  appears  to  be  known  of  this,  which  is  in 
the  Whitby  Museum.  One  with  this  name  attacdied  by  Pro- 
fessor Phillips  in  the  Cambridge  Museum  belongs  to  the  next, 
nearly  allied,  species,  and  does  not  show  the  characters  of  this. 

Oeological  pontion. — Zone  of  A.  oicynotus,  Robin  Hood's  Bay 
(Simpson). 

Belemnites  palliatus,  Dunwrtter. 
PL  IV.,  fig.  4. 

1869.    *  D^p.  Jut.*  pt  3,  pi.  v.  flgB.  ^-17. 

A  -very  remarkable  form,  in  which  the  alveolus  is  very  laree, 
and  the  guard  very  thin.    The  end  of  the  guard  has  a  triangnhu- 
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section,  and  slightly  recurved  apex;  there  are  two  dorso-lateral 
(lepreasions,  and  an  irregularity  on  the  ventral  side.  The  whole 
is  conical,  with  the  side^  concave,  tlie  angle  of  the  cone  being 
about  30°.    Length  1^  inch.,  which  is  twice  its  greatest  breadth. 

The  phragmocone  occupies  ^  of  the  whole  length,  the  septa 
are  numerous,  and  it  is  eccentric,  lying  near  one  side  of  the  ' 
tiiangle,  opposite  to  the  direction  in  which  the  apex  is  curved. 

It  differs  from  B,  calcar  b}'  ifs  concave  sides  and  triangular 
section,  and  is  not  so  robust,  and  from  B.  dens  by  its  want  also 
of  the  peculiar  ornamentation. 

Geological  position,  —  Sub-zone  of  A,  armatus,  Robin  Hood's 
Bay  (2  exs.). 

Belemnites  elegans,  Simpsm. 

1855.    Loo.  eU,  p.  31. 

1867.    Phillips.    ♦  Brit.  Bela.' pi.  xi.  fig.  50. 

1875.    Phillips.    •  Geol.  York.^  pi.  xxviU.  fig.  11  (noD  fig.  8). 

Modei-ately  stout,  sub-hastate,  sharp-pointed,  with  two  obscure 
dorso-lateial  grooves  and  strisB.  Length  4|  inches,  which  i.s 
seven  times  its  greatest  breadth.  Phillips's  figures  in  the 
•Geology  of  Yorkshire'  are  mismatched;  fig.  11  is  meant  for 
thiK  species. 

Geological  position, — Zone  of  A,  Jamesoni,  Bobin  Hood's  Bay, 
Huntcliff  (common). 

Belemnites  charmouthensis,  Mayer. 
PI.  IV.,  fig.  5. 

1866.    *  Jour,  de  Gonoh.'  3rd  series,  tab.  vi.  p.  364. 
1869.    Dumortier.    *  D^p,  Jur.'  pt.  8,  pi.  v.  fig.  8. 
Syn.     1855.     Clavatut.    Simpson,  lac,  cit.  p.  30  (non  Blainville). 

Allied  to  B.  cldvatus,  but  thicker.  The  part  near  the  alveolus 
is  quad  ran  j^ular,  and  the  apex  of  the  guard  is  obtuse.  Like 
most  of  the  Belemnites  of  this  epoch,  it  has  two  shallow  longi- 
tudinal depressions,  disappearing  towards  the  apex.  Mayer  says 
the  section  is  circular,  but  this  agrees  with  Dumortier's  figure 
in  every  other  respect. 

Geological  position. — Zone  of  A,  Jamesoni,  Bobin  Hood's  Bay, 
Huntcliff. 

Belemnites  araris,  Dumortier. 

PI.  IV.,  fig.  6. 

1869.    *  IMp.  Jur.'  pt.  3,  pi.  iv.  fig3.  20-25. 

Guard  short,  delicate,  very  slightly  fusif.»rm,  with  no  apical, 
and  only  faint  lateral  lines;  section  rather  angular,  not  de- 
pressed ;  length  2  inches,  whicli  is  six  times  its  breadth. 
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Althongh  this  is  a  common  species,  it  does  not  appear  to  have 
heen  descrihed  by  Phillips.  It  agrees  with  his  JB.  doraaiis  in 
shape,  bnt  has  no  dorsal  groove  such  as  he  describes  iu  that 
species,  and  is  from  a  different  horizon. 

Oeologital  pomtion. — Zone  of  A.  Jamesoniy  Bobin  Hood's  Bay, 
Hnntcliff ;  snb-zone  of  A,  armatus,  Bobin  Hood's  Bay,  Warter. 

Belemnites  virgatus,  Mayer. 

PL  IV.,  fig.  7,  a,  6,  c. 

1863.    Loe.  ciL  tab.  iii.  p.  190. 
1869.    Dumortier,  loc  cit.  pi.  iv.  figs.  1-6. 
Syn.  ?  1868.    MUdm,    Fhillipg,  loe.  eU.  pi.  xiiL  fig.  34. 

Guard  moderately  long,  cylindroidal,  with  eccentric  acn- 
minate  but  blunt  apex ;  contour  irregular,  section  rather  quad- 
rangular ;  with  bands  on  the  sides  not  reaching  the  apex,  not 
strong  enough  to  be  called  furrows.  Length  2i  inches,  which  is 
seven  times  the  breadth.  Alveolus  short.  The  apex  in  one 
Kpecimen  is  beautifully  pitted  like  honeycomb,  apparently  by 
folds  of  the  mantle  ^see  fig.  7,  c).  I  suspect  this  is  the  B.  mUduM 
quoted  by  Philli^^s  from  the  Lower  Lias,  Bobin  Hood's  Bay,  in 
his  'Geology  of  Yorkshire'  (1875),  p.  262. 

Creoiogieai  potiticm. — Zones  of  A.  Jaw^e^oni  and  A.  omaliic,  Bobin 
Hood  8  Bay ;  A.  wuirgaritatus,  Staithes. 

Belemnites  clavatus,  BlainrUU, 

1827.  •  Mem.  sur  ks  Belemniv*,*  pi.  iii.  fisr.  12. 

lSr>^.  Pi  illip*.     •  Itri:.  B»L<-*  p".  i:i  r.*:.  7. 

Sy:        1n:>  >;.::'--;-■.-•>:     ':<,>• '.a-      >:r..T  ><r.  ■.^.   -if.  ri...  ;V».  31. 

1^7^.  *^:.:"i'r-  •'.*.     V   :'..]<      Mt..  1    V  rk*  :-.  \\v:.!.  r:^*  4_#;. 

The  :y\.<  ^l  .»  t\::..lv  ir.  w:  :  •;  :1>  .r^iir-i  i-.  n:  r^  .-r  Ir-s^ 
jiWvUor*  lU'.tr  tho  :.prx  ;  :hr  .^'.vr .  "..tr  rtc".  r.  is  'hv  :.  t^rowr  s*.  avA 
IS  somctiiuos  ir:;idra:o.  ;i!.»l  Tht!*:-  r/.y  tr»:-  !r.  irks  «  r  :  rr-u^  -t^n 
vu  tho  >u:f.i.r  Vhr  \<i  z*]'.  »v^i  ":  rv.*'::ii  ;\r. :  s":  aro  •?»:■  var:;\M-. 
C'viri:  r:^o  t  ^  'hv  ^iit'or-:.:  '.v.il  ':»::. v>:  J  *:•  "hrv  .:•►-  r. ::  t. ,  \^. 
stp.ii.it-  1  'r  y  .»v.y  V    !>:.•.:-.:  /.  ;*:  i  > -. 
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the  apex,  which  is  hollowed  out  to  a  greater  or  less  extent.  No 
marks  or  furrows  visible  in  general. 

This  species  has  the  form  of  B.  inoequislricUus,  but  is  without 
furrows,  and  has  a  peculiar  apex.  Simpson^s  names  are  both 
pre-occupied.  I  regard  the  two  as  really  the  name  species, 
though  the  apex  of  B,  perforatus  is  most  excavated,  and  the 
guard  a  little  more  depressed. 

Geological  position. — 2^ne8  of  A.  caprtcomua  and  ?  A.  Jamesoni, 
Robin  Hood's  Bay. 

Belemnites  apicurvatus,  BlainmUe, 

1827.  *  Mem.  sur  les  Bel.'  pi.  ii.  fig.  6. 

1866.  PhUlipB.    *  Brit.  Bels.'  pL  vi.  fig.  16. 

Syn.     1855.  iRepandua.    Simpson.    •  F088.  Y.L.' p.  31. 

1866.  InxqwHiB.    Simpeon.    '  GeoL  and  Nat.  Hist  Rep.'  p.  216. 

1868.  Inmqwdia.    Phillips.    *  Brit.  Bels.' p.  91. 

Apex  sharp,  bent  towards  the  back;  with  two  visible  and 
two  obsolete  apical  furrows  when  perfect ;  alveolar  region 
slightly  expanded ;  sides  not  equally  convex. 

Phillips  states  that  B.  inoBqualis  of  Simpson  is  similar  to  the 
B,  paxiUosus  numisTncdis  of  Quenstedt  ('Ceph.*  tab.  23,  fig.  21), 
and  belongs  to  the  same  group  as  B.  apicicurvcUus ;  remarks 
which  lead  me  to  doubt  whether  it  is  different  to  those  I  should 
identify  with  the  latter. 

Geological  position. — Zones  of  A.  Jamesoni^  Huntcliff,  Eobin 
Hood's  Bay ;  A.  capricomus,  Huntcliff;  A.  margaritaiuSy  Staithes ; 
A.  spinatuSy  Eston,  Staithes. 

Belemnites  cylindricus,  Simpson, 

1855.     *  F08S.  Y.  L.'  p.  29. 

1868.     Phillips.    *  Brit  Bels.*  pi.  xx.  fig.  52  p. 

1875.    Phillips.    •Geol.  York.' pi.  xxviii.  fig.  14. 

Guard  elongate,  moderately  robust,  cylindrical,  with  two  short 
dorso- lateral  grooves,  and  sometimes  striaB  on  the  ventral  side. 
Length  4^  inches,  which  is  six  times  the  breadth.  It  i«  not  so 
stout  as  B.  elongatus,  which  is  more  deeply  furrowed  and  some- 
what hastate. 

GeologiccH  position.  —  Zones  of  A.  margaritaiuSy  Hawsker ;  A. 
spinatus,  Runswick,  Hobb  Hill ;  A.  anntdatus,  Whitby,  Staithes, 
Crag  Hall,  Skelton  Park. 

Belemnites  Milleri,  PhiUips. 

1866.     Loc.  eii.  pi.  viii.  fig.  19. 
Syn.  ?  1855.     FerreuB  (pars)  Simpson,  loc.  cit.  p.  29. 

Smooth.  elon<£ated,  tsubfusiform :  apex  acute ;  length  6  times 
the  breadth.  Although  Phillips  describes  this  species  from  the 
Iiiferic>r  Oolite  panels,  one  which  cannot  be  distinguished  from  it 
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certainly  oocurs  in  the  Middle  Lias,  on  which  koiiaon  it  has 
been  found  also  in  France  by  Damortier.  Perhaps  it  is  incladed 
in  Simpson's  B.  ferreui. 

Geological  pontion. — ^Zones  of  A,  wuargariiaiMg^  Hantcliff;  A. 
spinahu,  Upleatbani. 

Belemnites  breviformis,  VoUm. 

1830.  *  Obs.  801  lea  Belonnitet,'  pi.  ii.  figs.  2-4. 
1866.  PhiUipe.  'Brit  BelB.' pi.  It.  figs.  9, 10. 
1875.    Phillips.    '  OeoL  York.'  pi.  xxTiii.  fig.  5  (bisX  8  (non  fig.  11  >. 

A  short  cylindroidal  guard,  with  two  obscnre  lateral  grooveA 
often  nearly  obsolete.  Varieties  nnmerous,  the  apex  being 
blnnter,  or  the  guard  being  more  elongate. 

Geological pontion. — Zones  of  .^.  capricomug,  HnmmerBea,  Eaaby ; 
A.  margariiatus,  Hawsker;  A.  spinatus,  Eston,  Hawaker,  Buns- 
wick,  Barf  Hill,  Market  Weighton;  A.  annuIahUj  Staithes, 
Skelton ;  A.  serpentinut,  Sandsend. 

Belemnites  longiformis,  Spec.  no9. 
PL  IV.,  fig.  8,  a,  6. 

Small,  elongate,  compressed,  snbhastate;  length  11  times  the 
breadth,  with  two  obscure  furrows  at  the  a|»ex,  which  is  recurved. 
It  ban  also  continuous,  more  or  le^  marked  depressions  in  the 
alveolar  portion.  Length  3 J  inches.  It  differs  from  B.  micro- 
stylus  and  B.  davatus  in  its  gieat  compression  and  its  furrows, 
and  from  B.  virgaius  in  being  more  elongate  and  fusiform  al^o. 
thongli  it  is  veiy  near  honie  of  Dumortiers  figures  of  the  latter 
sp»cies. 

Geohigical  jff'siiiim. — Zone>  oi'  A.  viargaritatus,  Staithos  (1  rx.    ; 

A.  ypinatus,  (iri»smont,  E>toii.  Kettleness. 

Belemnites  acuminatus,  Simpson. 

18.=>:>.  *Fos<.  Y.  L;  ]\2'J. 

1  st>;.  Phillips.     *  Brit.  Bels.'  pi.  ix.  fig.  20. 

1,^75.  Phillips.     *Gec)l.  York.'  pi.  xxviii,  fig:.  10. 

SvTi.     18oo.  Ferreu".     Simpson.     '  Foss.  Y.L.' p.  29. 

18GG.  PoJitu*.    Simpson.    *  Gtol.  and  X;it.  Hist.  Rep.' p.  216. 

M(>derately  st«>ut  snbhastate  M-ithout  fuiTows ;  section  nearly 
('in  nliir  :  a]tex  ])rodnood  to  a  narrow  point  beyond  tlie  natural 
ending  of  the  curve  that  forms  the  side. 

B.  ferreus  is  phiced  as  a  synonym,  on  the  authority  of  Phillips. 

B.  puUtua  is  a  little  stouter,  passing  to  B.pollex,  and  has  some 
ohseure  depressions  near  the  apex  ;  but,  nevertheless.  I  think  its 
]daee  is  liere,  by  it.'>  general  foim  and  slightly-produced  point. 

(iciiogiral  position. — Zones  f«f  A.  spinat/y,   Kunswick  :  A.   ser 
f,nttlnuy,  Whitby. 
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Belemnites  rudis,  PhiUipa, 

See  PI.  IV.,  fig.  9. 

1868.    *  Brit.  BeU:  pi.  xvi.  fig.  42. 
1875.    *  Geol.  of  York.*  pi.  xxviii.  flj?.  13. 
Syn.    1855.  fConicus,    Simpson.    *  Poas.  Y.  L.' p.  29. 

Guard  cylindrical,  or  snbconical ;  blunt  in  the  adult ;  no  striae 
or  furrows ;  shorter  than  B.  Milleri. 

There  are  Kome  sniiiller  npecimens  in  the  ironstone  figured  in 
PL  IV.,  fig.  9,  of  whose  nature  1  am  doubtful ;  they  are  pointed, 
wirh  snbquadrangnlar  section  and  lateral  depressions.  They  look 
like  the  young  of  B,  virgcUus,  but  that  Kpeoies  has  not  3'et  occurred 
in  full  size,  and  there  is  an  appearance  about  these  as  if  they 
would  grow  rather  to  B,  nulis, 

Chological  position. — Zone  of  A.  spinatus,  Eston,  Hawsker, 
Hob  Hill. 

Belemnites  pollex,  Simpson. 

1855.    •  Fo68.  Y.  L.' p.  27. 

1866.    Phillips.    *  Brit  Bek'  pi.  ix.  fig.  20. 

1875.    Phillips.    *Geol.York.*pl.  xxmi.  flg.9. 

Guard  very  obese,  with  a  rounded,  umbilicated  apex ;  a  some- 
what Khort  depression  on  the  ventral  side.  Length  3^  inches, 
bread  til  1  inch. 

Geological  position, — Zone  of  A.  communis.  Peak.  [A,  Jamesoni, 
Staithes  (Phillips).] 

Belemnites  microstylus,  Phillips. 

1868.    •  Brit  Bels.'  pL  xui.  fig.  31. 

Guard  very  slender,  and  elongated,  greatly  swelling  towards 
the  apex ;  no  grooves.  Its  excessive  slendemess  distinguishes 
it  from  B.  clavatus,  and  its  want  of  compression  from  B,  longissimus. 

Geological  position. — Zone  of  ^.  spinattM,  Eston  (3  exs.). 

Belemnites  compressus,  Stdhl. 

1824.    *  Correspondenzblatt,  &c.'  pi.  xxxiii.  ^g.  4. 
1866.    PhiUipe.    •  Brit  Bels.'  pi.  iii.  fig.  8. 

Guard  short,  irregular,  swollen  near  the  apex,  which  is  blunt, 
and  has  two  lateral  grooves ;  section  quadrangular. 
Geological  position.^-Zone  of  A,  spineUus^  Eston  (2  exs.). 

Belemnites  paxillosus,  Schlotheim. 

1820.    *  Petrefactenkunde,*  p.  46. 

1866.     Phillips.    *  Brit  Bels.'  pi.  vi.  fig.  15 ;  pi.  xx.  fig.  52. 

Guard  stout,  cylindrical,  similar  to  that  of  B.  cylindricus,  but 
with  2  strong,  short,  dorso-lateral  grooves  and  several  strong 
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Birm ;  apex  ofteti  aliglitly  reaur^ed ;  length  ^|  inche«,  iir  more, 
which  is  5  times  the  breadth. 

Geological  pcaitmi. —ZoTiQ  of  -4*  sptfla^*,  Kettlene^  (2  «x&.)* 

Belemnltes  scabrosus,  Simpson, 

urn.    *Geol  end  Nat  Hifil,  Rop/  p.  216. 
1868,     PliiUipa,     *  Bnt>  Bek;  pL  Xi,  ftg.  51. 

Under  this  name  I  inscribe  u  Belomnite  of  great  rarity,  found 
in  the  annulaius-ho^  at  Hawsker.  It  is  vqtj  elongnte,  very 
fllightl}^  fusiform,  with  a  stnated  upex  and  3  obscare  gro">vej^ ; 
the  Bides  are  Battened.  Xt&  length  is  til  inehes>  which  i^  13 
times  its  breadrh.  It  is  not  thiek  enough  for  B.  tripartiitis.  The 
single  specimen  figured  bj  Phillips  was  said  to  come  from  the 
"  Tipper  part  of  the  Lower  Liai?,  Robin  Hood's  Baj  \"  it  ifj  mncb 
more  faiiform,  and  showt!)  no  atriee ;  the  i^esemblance,  however, 
ig  still  very  great. 

Geological  posiiion. — Zone  of  ^.  anmlntm,  Hawsker  (J.  F.  B.) 
\_A,  Jameaofii,  Bobin  Hoi>d'8  Bay  (Phillipfl)]* 

Belemnites  vulgaris,  Toung  and  Bird. 

1822.     'GeoL  Surv.'  pL  liv.  fig.  1,  and  1828,  pL  xt,  flf.  1, 
iaS5,    Simpaou.    *  Poee,  Y.  L.'  p,  28. 
1868*    PhiUi(^.    '  Brit.  B&W  pi.  xft  Bgs.  40,  il. 
1876.    Phillipfl.    *  GeoL  York;  pL  xwix.  %.  IL 
gji.    1829,  35.     Cmnpreum,     Pbillips.    '  GeoL  York.'  pi.  xiL  fig.  31. 

1855.     Q^ahcr^  demntfi,  iiidHtus^  eurtu9.    Bimpson.     *  Foaa,  Y.  L/  pp.  24, 
25,  29. 

Guard  robust,  cylindrioal,  regular,  with  two  hiieral  and  one 
ventral  furrow,  and  often  with  strite.  The  apex  is  apt  to  bo 
destroyed.  Like  all  common  forms,  it  is  very  variable^  and  it  is 
only  where  some  constant  character  is  found  that  we  can 
separate  them.  I  believe  all  the  above  8ynon3'ms  are  amongst 
its  varieties.  In  some  the  ventral  groove  is  replaced  by  a  few 
strong  striae ;  one  has  a  narrow  dorsal  sulcus  ;  another  has  the 
ventral  furrow  very  deep  in  the  middle  of  the  guard ;  others 
have  the  furrows  almost  obsolete.  Some  from  the  Middle  Lias  are 
more  elongated,  passing  on  to  B.  paxiUosua. 

Geological  position. — Zones  of  A.  spincUus,  Eston,  Hawsker  ;  A. 
communis,  Whitby,  Boulby,  Lofthouse,  &c. 

Belemnites  levidensis,  Simpson, 

PL  in.,  figs.  3,  a,  6,  and  7. 

1855.    *Fo8S.  Y.  L.'p.29. 

This  is  constantly  to  be  distinguished  from  B.  vulgaris.  It  is 
stouter,  and  much  more  compressed  ;  the  ventral  furrow  is  also 
more  often  absent.     Length  3^  times  the  breadth. 

Oeclogieal  position. — Zone  of  A.  communis,  Whitby,  &c. 
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Belemnites  latesulcatus,  PhiUips. 

1866.     *  Brit.  Bels.'  pi.  t.  fig.  14. 
Syn.     1855.    ObtusuB^  rohuiku.    Simpson,    *  Foas.  Y.  L.'  pp.  27,  28. 

Guard  short  and  very  stout,  quadrangular,  with  depressions 
along  two  sides  the  whole  length  ;  apex  obtuse. 

Some  exactly  correspond  to  Phillips's  figure,  but  others  are  less 
stout,  and  show  less  distinct  furrows,  forming  the  passage  to  B. 
hrevifonnis.  Length  of  one  of  these  3+  inches,  which  is  4  times 
its  breadth. 

Simpson's  names  have  the  priority  over  Phillips's,  as  there 
cannot  be  a  doubt  that  they  refer  to  the  same  species ;  but  as  de* 
scriptions  of  Belemnites,  unless  very  full  and  accurate,  are  not 
sufficient  for  their  identification,  1  adopt  the  newer,  better 
illustrated  name. 

Geological  pontion. — Zone  of  A,  annulatua,  Skelton  Park  Pit 
(?  only). 

Belemnites  validus,  Simpson, 
PI.  III.,  fig.  4. 

1855.    ♦Foes.  Y.  L.'p.28. 

This  has  a  family  likeness  to  the  last,  but  though  as  stout,  has 
a  far  greater  length  ;  the  apex  is  not  so  pointed,  and  the  lateral 
depressions  are  reduced  to  one  feeble  one.  Length  6  times  the 
diameter ;  cylindrical,  rounded,  not  compressed. 

Geological  position. — Unknown ;  probably  Zone  of  A.  awnulatus 
(3  ex8.). 

Belemnites  striolatus,  PhiUips. 

1868.    *  Brit.  Bela.*  pL  x.  fig.  25. 
1875.    *  GeoL  York.^  pi.  xxvii.  fig.  3. 
Syn.     1855.    Subitriatus.    Simpson,  he.  eU.  p.  27. 

Guard  conical,  flattened,  finely  striated  at  the  apex.  It  differs 
from  B.  IcBvis  in  being  more  conical,  and  the  strice  more  numerous 
and  regular.     It  has  no  grooves. 

Geological  position. — Zones  of  A.  serpentinus,  Whitby,  Skelton 
Park ;  A.  anntdatus,  Boosbeck. 

Belemnites  laevis,  Simpson. 

1855.    *  Foes.  Y.  L.' p.  25. 
1868.    Phillips.    *  Brit  Bels.'  pi.  x.  figs.  28,  20. 
1 875.    Phillips.    « Geol.  York.*^  pi.  xxrii  figs.  4,  5. 
Syn.     1855.  iTrivialis.    Simpson,  loc.  eiL  p.  26. 

Guard  robust,  moderately  lone ;  only  a  few  strisB  at  the  apex. 
Some  differ  from  Phillips's  description  in  having  a  lateral  com- 
pression and  a  section  narrower  behind  than  in  front.  Some 
show  passages  into  trisulcate  forms,  others  have  no  furrows  at 
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Belemnites  tripartitus,  Sehloiheim. 

1820.  '  Petrefactenkunde,'  p.  48. 

1868.  Phillips.    '  Brit.  Bels.'  pi.  xi.  fig.  28. 

1875.  Phillips.    *  Geol.  York.*^  pi.  xxtIl  flg.  8. 

Syn.    1855.  TrisutculoeuBj  incisui,  tpteatua,  Simpson,  loo.  eii,  pp.  26,  27, 29. 

This  is  stx>iiter  than  B.  svhaduncatus,  longer  than  B,  vulgarisy 
and  differs  from  B.  eylindr%cu$  in  being  tripartite.  The  first  two 
synonyms  are  on  the  authority  of  Phillips,  and  B.  spicatua^ 
which  I  have  seen,  cannot  be  separated  from  B,  incitm. 

Geological  position, — Zone  of  A,  serpentinuSf  Whitby. 

Belemnites  elongatus,  Sowerby. 

1828.    *  Min.  Con.'  pi.  dxc  fig.  1. 
1866.    Phillips.    « Brit.  Bel8.^pL  vii.  fig.  17. 
Syn.     1866.     Turrisi    Simpson.    '  GeoL  and  Nat.  Hist.  Bep.' p.  216. 

I  have  not  seen  any  specimen  that  I  could  certainly  refer  to 
this  species,  but  insert  it  here  because  FhiUips  catalogues  it 
('  Geol.  Yorksh.,'  1875,  p.  262),  and  the  description  of  B.  turris 
suits  it  exactly. 

Geological  position. — Upper  Lias ;  horieon  unknown.    Whitby. 

Belemnites  longisulcatus,  Voltz. 

1830.    Loc.  cO.  pL  vi  fig.  1. 
1868.    Phillips.    *  Brit.  Bels.'  pi.  xix.  fig.  47. 
Syn.     1855.     Carinattu.  ?  Simpson,  loc.  eit.  p.  28. 

This  species  is  quoted  by  Phillips  ('  Geol.  York.,'  1875,  p.  262) 
as  occurring  at  Whitby.  Simpson's  description  of  B.  carinatus 
corresponds  exactly  to  the  apical  portion  of  it. 

Geological  position. — Zone  of  A.  serpentinuSf  Whitby. 

Belemnites  inaequistriatus,  Simpson. 

1855.    *Fo88.Y.  L.'p.  24. 
1868.    Phillips.    '  Brit  Bels.'  pi.  xix.  fig.  48. 
Syn. .  1855.    Conoavtu,  eroaus.    Simpson,  loe.  cit.  pp.  24,  25. 

Sides  concave,  quickly  tapering  over  the  alveolus,  then  slowly ; 
apex  imperfect,  long  lateral  grooves,  section  oval. 

The  whole  of  this  entry  is  on  the  authority  of  Prof.  Phillips. 
I  have  seen  no  specimen  except  in  Whitby  Museum. 

Geological  position. — Zone  of -4.  serpentinuSy  Saltwick. 

Belemnites  tubularis,  Young  and  Bird. 

1822.    *  Geol.  Surv.'  pi.  xxii.  fig.  6. 
1829,  35,  75.    Phillips.    •  Ga.l.  York.'  pi.  xii.  fig^  20. 
1855.     Simpson.     '  Foss.  Y.  L:  p.  23. 
1868.    Phillips.     ♦  Brit.  BcW  pi.  xiv.  fig.  36. 
Syn.     186G.     ProducttM.    Simpson.    '  Geol.  and  Nat.  llist  Rep.*  p.  216. 

A  well-known,  excessively  elongate  form,  part  being  com- 
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ptemdd  to  a  fi^t  l^yer,  Kaving  been  e^jft ;  the  proportion  fliittetied 
10  variable.  The  character  relied  upon  for  the  spec  lee  B,  pro- 
du<^us  nsime,  the  raughn@sa  of  the  aWeolAT  regiao,  canoot  be 
allowed  to  have  so  much  weigbL 

Otaiofftoal  pomium.— Zone  of  A,  serpenUnm^  Saltwick. 

Belemnites  crossotelus^  Biake. 

Syn,     1S3'2.     Curoprwftw,  YoxiJk g  and  Bi rd,  I«j,  eit.  p.  1 5,  fig.  5  (hod  Btahl,  Act.) 
1855.     CftrnpnOMUi.    ^impsoQ,  he.  m't,  p,  24. 

Stout,  with  the  apex  im perfect*  the  ftbell  appaneBtly  having 
been  soft  ineid©  half-way  down,  bo  that  the  end  is  flattened  and 

undulated  iii  its  present  state  like  a  fringe.  Length  4  times  the 
bread  rb  ;  that  h,  3  timeB  a:^  hruad  a^  B.  tubuluria. 

Yoting  and  Bird's  name  was,  no  donbt,  the  first ;  hat  as  it  has 
been  but  little  used,  I  think  it  betrer  to  invent  a  new  nauie  for  a 
not  com  mo  Q  Belemnite  than  to  keep  one  more  '-^  compre^mis  ^*  in 
the  field. 

Philli])e  appears  to  have  oonsidered  this  equivalent  to  B. 
iniBquUtriatus ;  but  the  gpeoimena  I  apply  the  prei*ent  name  to  are 
miH^h  broader,  and  altogether  different, 

Geolo^cal  position.— Zk)Q^  of  A  terpentines.  Salt  wick* 

Belemnites  Voltzlij  PhiUip^, 

ISeS.     *  BriL  Bela.'  jtl  xvii.  Hg.  43. 
1875.     •  Geol.  York/  fl  xxTiL  ^^,  9 

186g.     Fef*lmiwr,    PMlUpB*  loc.  ciL  Jig*.  44,  45. 
1S55.  fTelum.    Simpsoii,  loc.  eit.  p.  27. 

Acutely  oonical,  with  two  lateral  furrowd,  and  a  ventral 
farrow  in  some  cases ;  length  5  times  the  greatest  breadth.  The 
presence  or  absence  of  a  ventral  furrow  cannot  be  made  a  specific 
difference  in  this  c^se  without  doing  the  same  in  the  case  of  B, 
vulgaris ;  and  as  in  the  latter,  at  least,  the  furrow  has  many 
atages  of  obscurity  before  being  obliterated,  it  is  best  to  divide 
neither. 

B,  telum  belongs  either  to  this  or  the  next. 

Oeclogical  position, — Zones  of  A,  serpentinus,  Whitby  ;  A,  com- 
munis, Whitby,  Lofthouse. 

Belemnites  athleticus,  Simpson. 
1855.    *  Foes.  Y.  L.' p.  28. 

A  conical  tripartite  form,  with  inflated,  unequal  sides,  de- 
pressed ;  these  last  two  characters  separate  it  from  B.  Voltzii,  with 
which  alone  it  can  be  confounded.  It  is  equally  near,  however, 
to  B.  inomcUus  of  Phillips. 

Geological  position. — Zone  of  A.  jurensis,  Peak. 
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[dubious  species.] 

Belemnites  repandus,    Simpson.     '  Fobs.  Y.  L.'  p.  31. 

*'  Sub-fusiform,  rather  depressed;  bent  towards  one  side ;  apex  pointed." 
This  description  is  obviously  insufficient :  it  may  be  B,  longi/ormis. 

Belemnites  tenuU,    Simpson.    '  Foss.  Y.  L.'  p.  31. 

**  Slender,  elongated,  tapering  towards  both  ends.''  Probably  a  fragment 
of  B.  clavatus, 

Belemnites  limatulus,    Simpson.    *  Geol.  Kep.'  p.  216. 

*'  Conical,  much  compressed,  apex  obtuse,  with  about  five  principal  deep 
triangular  furrows  and  others  smaller,  and  many  distinct  strisd ;  texture 
close  and  smooth.  Length,  6  inches ;  width  at  the  base,  1  inch.  The  sides 
of  the  guard  are  nearly  straight^  and  the  transverse  section  very  elliptical. 
The  alveolus  expands  and  the  larger  grooves  extend  about  |  the  length  fiom 
the  apex.**  This  might  be  B,  inasMAistriatu9^  but  it  is  too  stout.  No 
locality  is  given,  and  we  may  be  dealing  with  a  non-Liassio  shell. 

On  the  Bange  and  Succesnan  of  the  Belemnites, 

I'he  oldest  known  Belemnitic  remains  are  two  large  cironlar 
pbragmocones  in  the  anffuUUus-heda  of  Redcar  possibly  belonging 
to  jB.  infundibulum,  but  not  to  jB.  a4Mtus.  One  is  remarkable  for 
its  size,  having  a  diameter  of  1  inch,  and  thus  apparently  belong- 
ing to  a  larger  form  than  any  yet  known  in  the  Lower  Lias, 

The  earliest  complete  Belemnite  in  the  Yorkshire  Lias  is  a 
short  conical  form,  with  a  circular  section ;  moderately  stout,  of 
irregular  outline,  and  striated  apex, — B.  injundtbfdum,  FoUowing 
this  is  a  still  shorter  guard,  with  a  roundly-triangular  section 
and  large  alveolus, — B,  calcar.  Possibly  derived  from  these,  but 
M>pearing  about  the  same  time  as  the  latter,  oomes  the  depressed 
JS.  aeutus  with  the  length  of  the  first,  but  the  form  of  the  last 
There  are  several  passages,  however,  from  the  B,  aeutus  to  JB. 
infundibulum,  the  former  being  in  some  cases  almost  circular,  in 
others  very  depressed,  with  a  lateral  groove.  This  form  holds 
its  own  for  some  time.  Commencing  in  the  upper  part  of  the 
Bucklandi'hedBy  it  goes  through  the  whole  of  the  oxynotus-zone, 
where  it  is  very  plentiful,  and  only  at  the  top  of  the  latter  do  we 
find  any  recognisable  alteration.  Here  it  grows  more  elongate, ' 
more  depressed,  and  sometimes  more  marked  with  a  lateral  line, 
and  80  becomes  B.  penicillaius.  The  other  forms  also  remain  to 
the  top  of  the  oxynotus-hedsj  the  B,  calcar  becoming  (probably, 
for  only  one  specimen  has  been  seen)  jB.  dens,  and  the  forms  thus 
enumerated  constitute  the  whole  Belemnitic  fauna  of  the  York- 
shire Lower  Lias. 

'  At  the  commencement  of  the  Middle  Lias  an  entirely  new  set 
of  Belemnites  appears,  only  remotely  connected  with  their  pre- 
decessors. A  very  rare  fonn,  however,  JB.  palliatuSy  with  a 
triangular  section,  concave  side,  and  very  large  proportionate 
alveolus,  continues  directly  the  line  of  B,  ealear.  From  JB. 
penicillatus,  infundibulum,  and  aeutus  3  main  branches  arise :  Ist. 
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the  rounder  forms  of  B.  acuiug  elongate,  and  the  lateral  depres- 
sion becomes  obscare ;  and  we  get  the  snboonical,  and  only  very 
remotely  hastate,  B.  elegans^  bometimes  striated  at  the  apex« 
Again,  the  more  swollen  forms  of  B.  penidUatug  become  also 
elongated,  more  hastate,  in  some  instances  considerably  more  so, 
distinctly  precastiiig  B.  clawUuSf  while  the  lateral  depressions 
remain  fully  developed,  and  make  the  alveolar  region  quadrate. 
This  form  best  deserves  the  name  of  B.  ckarmauihentU  ;  it  is  not  B, 
comprettuBy  though  like  some  of  Phillips's  figures  referred  to  that 
species,  nor  yet  fully  developed  into  B,  clavaius^  the  passages  to 
B,  penidllahu  not  being  wanting.  The  3rd  main  branch  con- 
sistB  of  smaller  forms,  derived  from  the  smaller  hybrids  between 
B.  aeuUu  and  B,  infundtbuluwij  but  they  affect  the  lateral  d^res- 
sions  very  distinctly,  and  are  influenced  by  the  general  tendency 
to  become  hastate,  and  thus  form  B,  araris.  There  is  also  a 
rarer  form,  derived  from  the  flatter  varieties  of  penidUaiuB  by 
elongation,  which,  from  the  distinctness  of  the  lateral  depres- 
sions, has  lieen  called  B.  virgattu.  Towards  the  top  of  the 
JoMetoNi-beds  both  B.  ararU  and  B.  charwumiJkensU  lose  their 
distinctive  charMcter^,  and  the  variable  B,  clatatus  takes  their 

Slace,  chamcteriaed  by  the  roundness  of  the  alveolus,  the  lateral 
epressions  being  confined  t<i  that  region,  while  the  amount  of 
swelling  of  the  guard  and  the  bluntness  of  the  apex  is  very 
variable.  This  may,  perhaps,  be  called  the  junction-form 
between  those  chamcteristic  of  the  Lower  Lias  and  thotse  of  the 
Middle,  as  it  can  be  traced  up  from  the  former  and  lived  on 
with  many  of  tho^^e  of  the  latter.  AVhen  this  becomes  almost  the 
only  ivpresenfative,  viz.  in  the  upiier  part  ^-f  the  Jame^ami-heds^ 
we  have  quite  a  new  form  intn.iduced,  which  cannot  be  tracizd 
to  any  of  t'lie  precediuir:  this  i>:  B.  apicic*trnUu*,  In  this  the 
teonvii  is  v  iroul.ir.  aiivl  iho  whoK-  guard  vloii^iitcd  and  cvlindriial, 
grviduHl'.y  laiH  riii^  to  h  rather  Iv  n:  aivx,  whvre  tiiere  are  two  wdl- 
ui  .rktd  furrows  ai.d  s.iuo  >:r:a\  thus  l-el  114:111*:  to  iin  alto^thor 
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the  strisd  and  grooves  are  wanting,  or  nearly  so.  B.  apicicur- 
9€Uu8  varies  somewhat  in  shape,  often  being  more  curved  than 
this  alliance  would  suggest.  In  this  zone  also  appears  what 
seems  to  be  a  modification  of  the  original  B.  elegans  in  the  same 
direction  as  to  jB.  virgatuSy  less  hastate,  but  with  lateral  depres- 
sions reaching  the  apex,  and  muoh  compressed,  leading  on  to  a 
remarkable  form,  B.  Umgiformis^  a  small  species,  axis  comparatively 
long,  and  verv  oompresbod,  with  two  obsoure  lateral  grooves  at 
the  apex.  There  also  arises  in  these  beds  a  new  type,  only  con- 
nected with  the  others  by  its  double  grooves,  sometimes  present, 
but  with  an  axis  comparatively  short,  section  as  broad  as  long, 
and  well-formed,  pointed  apex,  B.  hremformi$.  It  is  this  form 
that  becomes  the  most  abundant  and  leading  form  in  the  zone 
above,  and  here,  accordingly,  it  has  many  varieties,  which 
depend  on  the  distinctness  of  its  lateral  furrows,  its  relative 
thickness,  its  compression,  and  the  production  of  its  apex. 
Those  forms  in  which  the  section  has  become  circular,  the 
figure  stout,  and  the  apex  produced,  have  been  separated  as  B. 
acuminatus,  but  the  passage-forms  are  numerous;  in  some  of 
these  the  form  becomes  almost  subhastate,  and  they  appear  to 
have  some  relation  to  B,  MtUeri.  More  directly  connected, 
however,  perhaps  is  a  small  form,  much  larger  proportionally, 
without  ornament,  with  a  circular  section  and  obtuse  apex,  which 
must  be  at  present  inscribed  under  that  name,  similar  to  this 
when  young ;  and  arising,  perhaps,  from  nearly  the  same  origin, 
is  B,  rudis,  of  more  conical  shape  when  adult,  which  appears  to 
be  carried  still  further  in  the  same  direction  to  B.  pollex^  which 
occurs  in  the  Upper  Lias.  Two  other  Belemnites  occur  in  this 
horizon  only  whose  origin  cannot  be  directly  traced,  viz.  B, 
ccmpressus  and  B,  microstylua.  Belemnites  apidcurvatus  and 
cylindricus  both  continue,  and  another  variety  of  the  same  family, 
thicker  in  proportion  even  than  B,  cylindricus,  but  with  more 
marked  ornaments,  as  in  B.  apicicurvatus,  but  with  blunt  apex — B. 
paxillosus,  may  also  be  recognised.  It  is  probably  from  uie  same 
source  that  the  earliest  examples  of  tripartite  Belemnites  arise, 
as  they  do  in  the  zone  of  A.  spincUus,  by  B,  vulgaris  in  its  most 
elongated,  circularly-sectioned  form ;  in  tliet^e  Uie  three  grooves 
are  clear ;  but  in  subsequent  Upper-Lias  forms  the  ventral  one 
is  obscure,  possibly  from  atavism.  B.  longiformis  also  continues, 
and  is  probably  the  precursor  of  a  passage-form  leading  on  to  one 
of  the  striated  Belemnites  of  the  Upper  Lias,  B,  striolaius.  In 
this  passage-form  the  apex  is  striated,  but  the  shell  is  flat,  of 
similar  proportionate  length  to  either,  but  without  any  toei^ 
marked  grooves. 

This  completes  the  litft  of  the  most  varied  Belemnitic  fauna  in 
the  Lias.  The  Upper  Lias  oommences  with  forms  that  have 
remained  from  earlier  times,  jB.  hreviformis  becoming  scarce,  and 
B.  cylindricus  very  common,  being  the  most  chai-acteristic 
Belemnite  of  the  annulatus-heds.  Passing  from  the  form  of  JB. 
pollex  without  grooves  towards  a  Belemnite  of  the  jet-rock,  B. 
latesulcatus,  we  have  also  in  the  anna/a^u^-series  a  stout  biaulcate 
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Bbelle  aud  calluui|»  oolumeUa  they  reitemble  Hatella  and  Helieina, 
to  which  genera  they  had  baen  refsrr*^  by  earlier  author^*. 

This  g&nn»  bears  the  satiie  relation  to  PkuTotomaria  that  EeH- 
mna  doeeto  Trocltaidla^B,ud  Hofella  to  Tiirha  Gochlkurina  of  Biowd, 
and  include*!  the  sffeeies  C  expansa,  €,  mlartoidtB^  0.  crnnpren^a^ 
aod  C,  poUia  of  Sowerby :  bat  the  diagnosis  will  ec|ttaily  a}>plj 
to  Rotella  and  Helicina^  the  anthor  having  overlooked  its  true 
uUiauce^^,  tlie  characjters  i^lied  on  being  the  Mub-diacoldal  form 
and  the  callosity  of  the  base. 

Cryplaenia  expansBp  Sowirrhy. 

ISSl.     fldicttm  expaitm.    '  Miti.  Con/  t.  <*olxiiii,  is.  IS. 
Syn.     1828.    Helix  oiVroufM.    TouDg  aad  Bifd,    *  York.  Cowt/  p.  *M8,  t  «1 
f.4, 
1855,    TtirhaeirroidM,    Blm^mm.    '¥tm  Y.  LJ  p.  103, 

This  species  is  the  moat  widely  diffused  of  the  Liaafeio  ex- 
ampler)  uf  the  genus,  though  not  jselected  by  Deslongchampe  for 
a  tj-pe.  it  rejoieea  iu  a  i^reat  variety  of  titles,  having  been  duc- 
ceasively  placed  in  eight  different  genera,  and  with  five  speciEe 
jiftmes*  Sowerbv  de^^cribed  it  in  1821  under  tlie  name  Seltcina 
M^nm ;  M.  Deshayes  in  1831  named  it  Turbo  calloguM  ;  in  1836 
KoBiuer  believed  it  t4)  be  a  terrestrial  whell,  a«  Young  and 
Biid  did  in  1828,  and  called  it  Helix  e:^patixa ;  whilst  Brown 
referred  it  to  Eoiella^  and  Agassiz^  in  bis  Frenth  edition  of 
8o  werby's  '  Mineral  Conchology  *  made  it  the  type  of  his  genus 
Pt^chompkaius.  It  was  not  till  184S  that  M,  Deslongobamps 
recognised  its  affinity  to  Pleurotofimri&,  but  substituted  the  spe- 
oific  name  of  mturalis :  a  retrograde  step  was  taken  by  Browu 
in  1849,  who  created  the  genuB  Gochltcarina  for  its  reception; 
finally,  in  1865,  M.  Deslongchamps  the  younger  raised  the 
fiutural  Plenrotomarias  of  his  father  to  the  rank  of  a  genua 
under  the  name  CrypUxnia,  and  included .  therein  the  present 
species. 

(7.  expansa  is  too  well  known  to  need  description  in  this  work, 
but  its  chief  characters  are : — the  acuminate  spire,  the  elevated 
rim  on  the  carinated  whorls,  and  the  largely  convexed  under- 
side :  the  butural  band  occupies  the  keel. 

Helidna  polita  may  be  a  variety,  but  H,  solarioides,  which  has 
been  usually  so  considered,  I  regard  as  a  distinct  species. 

Geological  position. — Zones  of  Am.  8pinatu8y  Hawsker,  Eston, 
Upleatham  ;  Am.  margaritcUtts,  Marske  Mill. 

Cryptaenia  consobrina,  Spec.  nor. 

PI.  X.,  fig.  22,   a,  b. 

Shell  heliciform,  depressed ;  spire  very  slightly  elevated, 
acute,  composed  of  five  neaiiy  flat  whorls;  the  last  whorl  is 
considerab^  enlarged,  and  is  bordered  by  an  obtuse  keel,  occn^ 
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pied  by  the  sUtural  band.  Surface  Diarked  by  curved  transverse 
lines.  Base  flattened,  but  impressed  towards  the  centre.  Aper- 
ture squarish. 

Dimermom. — Diameter  1^  inches ;  height  of  last  whorl  f  inch. 

This  species  is  intermediate  in  form  between  C.  expansa^  Sow., 
and  C,  complanata,  Deslong.,  differing  from  the  former  in  the 
absence  of  the  carina,  and  the  ridge-Hke  fold  surrounding  the 
posterior  suture ;  it  is  more  depressed,  and  the  last  whorl  propor- 
tionately larger,  but  less  so  than  is  the  case  with  C,  complanata, 

Qeological  position, — Zone  of  Am.  spinatuSy*,  (Jleveland,  main 
seam  of  ironstone,  Eston,  Upleatham,  Hob  Hill,  Skinningrove, 
Northcote,  Belman,  and  Button  Mines. 

Cryptaenia  solari5ides,  Sowerby, 

PI.  X.,  fig.  2,  a,  6. 

1821.    HeUcina  soUarioides.    *  Min.  Con.'  t.  colnili.  f.  4. 
Syn.  ?  1867.    Jamotgnaoa^  Wehenkdi,    Terqnem  and  Piette.     *  Le  Liaa  Inf. 
de  I'Est  de  la  France,'  t.  iv.  f.  19,  and  figs.  29-31. 

This  species  has  very  generally  been  quoted  as  synonymic 
with  0.  expansa,  from  which  it  differs  in  the  absence  of  the 
carina  on  the  last  whorl,  and  by  being  more  discoid.  I  have 
compared  my  specimens  with  Sowerby's  type  in  the  British 
Museum,  and  am  satisfied  of  their  specific  identity.  Sowerby 
gave  no  locality  for  his  example. 

The  shell  is  heliciform,  subdiscoid,  with  an  acute  summit ; 
spire  depressed,  composed  of  6  sub-concave  whorls,  with  a  con- 
vex fold  around  the  posterior  suture ;  outer  edge  of  last  whorl 
occupied  by  a  broad-depressed  convex  band,  sometimes  trun- 
cated ;  ornamented  with  longitudinal  striae,  sometimes  obsolete, 
or  confined  to  the  upper  or  under-side  only ;  under-side  convex, 
with  a  distinct  impressed  area  beneath  the  marginal  band  ;  pro- 
vided with  a  large  callosity,  and  imperforate,  sutural  band 
situated  on  the  edge  of  the  whorl. 

Dimensions  of  largest  specimen:  —  height  ^  inch,  breadth 
\^  inch.     Number  of  examples  examined,  several  dozens. 

Qeological  position, — Zones  of  Am,  angulatus,  Redcar  (a  few 
examples),  Millington  (2  exs.),  Cliff  (1  ex.) ;  A,  Bucklandi 
(Lower  and  Middle  beds),  Redcar  (common). 

Cryptaenia  rotellaeformis,  Dunker. 

1847.    {PleuratoTnaria.)    •  PalsDontographioa,'  vol.  i.  t.  xiii.  f.  12,  p.  111. 

Geological  position, — Zones  of  Ammonites  angukUus,  Cliff  (1  ex.); 
A.  Biicklandiy  Redcar  (1  ex.). 

The  Redcar  specimen  is  incomplete,  and,  if  it  be  correctly 
named,  is  an  unusually  large  example  of  the  species.  It  has  a 
breadth  of  base  of  one  inch,  and  a  height  of  three-quarters  of  an 
inch,  the  whorls  sub-rotund. 
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Gryptaenia  nucleus,  T^qtti^m, 

Geological  pamHmi* — Zunu  \A  Am,  angnlatm^  Cliff  (on  autliority 
of  J,  F*  liUkc  ;  «fi€jcimerjs  feinoe  lofit)* 


Pleurotomaria  obesula,  Spec,  not*, 
PI.  X,  fig.  fi. 

@yn.    1^72.    Trof/^>totna  dH€dutfi,   Bluke,    *  Qimrl.  Jt^tirt  GinL  Soo.'  rnl  tx« 
,>.  H. 

vol  xUli.  t>,  193 :  torn,  t,  T  2  (nun  PL  htriat.i.  Sow.  l&St^). 

Shell  turbinate^  conical,  of  eevexi  romidetl  whorli*,  ornamented 
by  numerotui  longitudinal  thrdadw.  altomatdy  large  and  email, 
cKkflsed  hy  c](>«Gly-B©t  curved  strifle,  Siitnral  band  wide,  fli*r, 
ornamGnted  with  three  flat  longituditial  threads,  and  curved 
iines  of  growth.  Base  flattened  exteriorly,  thehoo  sligbtly 
arched  to  tUo  umlnlicHs,  which  is  narnciw,  and  extending  the 
whole  length  of  the  spire,  eimilarlj  omamoiited  as  the  rest  of 
ihti  flhelL  Apertures  mib-quadrate.  On  the  last  whorl  there  are 
ttliout  30  large  and  aniall  eostm  above  the  sutiiral  bf\nd,  and 
10  below  it^  whilat  on  the  baae  they  ainonnt  to  from  30  to  40. 
The  loagitadin^l  linea  are  fewer  in  number  on  the  posterior 
whorly,  and  the  reticulated  ornament  is  more  open;  the  Niitural 
band  on  the  fourth  whorl  is  without  longitudinal  linos. 

Stoliczka  exprei^ees  a  doubt  ns  to  the  generic  position  of  his 
Trochotvma  Btriatmnf  mainly  relying  on  hi«  interpretation  of  the 
*>cca«ional  interrupt iona  to  the  couti unity  of  the  butund  band 
as  a  juBtification  for  agsigning  the  epeoies  to  the  ^enus  Trocho- 
toma.  This  particular  character  ia  not  exhibited  by  any  of  the 
specimens  collected  by  my  coadjutor,  and  no  reason  can  be  urged 
against  the  species  belonging  to  Pleurotomaria.  Other  slight 
differences  between  the  English  and  Austrian  examples  induce 
me  to  regard  them  as  belonging  to  distinct  species.  Nevertheless, 
should  they  ultimately  prove  identical,  then  the  specific  name 
here  given  should  be  adopted,  because,  as  the  generic  name, 
Pleurotomaria,  must  be  applied,  the  specific  one,  striata,  cannot 
be  employed,  as  it  is  already  occupied  by  at  least  two  other 
species. 

The  slight  differences  between  Pleurotomaria  obesula  and 
Trochotoma  striatum,  judging  from  Stoliczka's  figure,  are  that  the 
former  has  a  flatter  base,  more  spiral  lines,  a  less  ornate  sntural 
band.  Dimensions  of  largest  specimen :  height  and  diameter  of 
base,  If  inches ;  height  of  last  whorl,  f  inch. 

Geological  position, — Zone  of  ^m.  an^datus,  Cliff  near  Market 
Weighton  (5  exs.). 
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Pleurotomaria  similis,  Sowerhy. 

PI.  IX.,  fig.  4. 

1816.     Trochtu  rimHis.    *  Min.  Con.'  pi.  cxlii. 
Syn.    1818.     Trochus  Anglicua.    Sowerby,  pi.  ocxxxviii. 

1855.    Trochus  Anglicus.    Simpson.    '  Fobs.  T.  L.'  p.  103. 
Pleurotomaria  Artgliea  of  most  anthors. 

P.  similis  is  a  conical  shell,  with  aqnarish  whorls,  with 
tubercles  on  their  angles,  longitudinally  costated  and  trans- 
versely striated.  Specimens  vary  much  in  form  and  in  the 
details  of  the  ornamentation. 

Usually  the  shell  is  a  little  higher  than  hroad,  but  the  pro- 
portion of  the  height  to  the  breadth  varies  from  100  to  90  and 
100  to  85.  The  sutural  band,  which  is  invariably  raised  above 
the  general  surface,  is  usually  carinated  sharply  or  bluntly.  The 
number  of  longitudinal  costaa  above  the  posterior  row  of 
tubercles  is  usually  3 ;  the  size  of  the  tubercles  is  also  variable. 
Very  young  examples  possess  a  narrow  umbilical  groove.  The 
largest  specimen  has  a  height  of  2*54,  and  a  breadth  of  2*2  inches. 

Specimens  of  Pleurotomaria  from  the  ironstone  resemble  this 
species,  but  when  in  condition  for  critical  comparison,  they 
seem  to  agree  better  with  P.  undosa  and  P.  rtistica. 

Oeological  position.— ZoneB  of  Am,  angulatus,  Bedoar  (not  rare) ; 
A,  Bucklandi,  Eedcar  (common),  Marske«Bay  [Lower  Lias,  Lep- 
pington,  and  Robin  Hood's  Bay  (Phillips)]. 

Pleurotomaria  basilica,  Chapiis  and  Beuxdque, 

1853.    *  Terr.  Sec.  de  Luxembourg,*  t.  xiii,  f.  2,  p.  94. 

This  name  I  give  to  certain  shells  similar  to  P.  similis  in 
ornament,  but  which  are  as  broad  as  high,  with  nearly  straight 
sides  and  a  wide  umbilicus.  It  does  not  grow  to  one-fourth  the 
size. 

Geological  position. — Zone  of  il.  Buckkmdi,  Bedoar  (12  exs.). 

Pleurotomaria  Hennocqui,  Terguem. 

1855.    •  Pal^ntologie  de  Hettange,'  p.  275.  t.  xvi.  f.  12. 

I  have  much  hesitation  in  referring  a  single  specimen  of  a 
large  Pleurotomaria  with  subconvex  whorls,  depressed  at  the 
angles,  to  P.  Hennocgui,  Terquem.  The  great  disparity  of  size 
does  n(jt  admit  of  a  close  comparison  ;  nevertheless,  rather  than 
create  a  new  species,  I  am  content  to  regajrd  the  Yorkshire  shell 
as  an  adult  example  of  P.  Hennocgui.  Dimensions :  height  and 
diameter  of  base,  2^  inches. 

Oeological  position. — Zone  of  Am.  Bucklandi  (probably),  Marske 
Bay  (1  ex.). 
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Pleurotomaria  foveolala,  J>e8hng<!^mp9. 

VI  IX,,  tig.  2. 

1§48»    F.  fweolaiiiy  Vftr.  trochoidea.   *  M^m.  Limi.  8oe.  Noraiandi^/  toL  viii* 


G^dogkal    poaiium.—'Zona    of    Am. 
Staitliee. 


capWwjmii* ,     Hun  tcliflf. 


Pleurotoraaria  procera,  D'Orhigny,  pan. 
PI  IX.,  fig.  24. 
Bpi.     1848,    P.  /m«o^t&f  Tar.  pfnpuii.    Deslon^bamp^,  Z^kt.  ei^  t,  xv.  f,  6. 

G&ologkal  pomtion. — Snb-zone  of  Am.   armaiug,    Kobin  Huotl  s 

Pleurotomaria  helicinoides,  Edmcr,  ip> 

PL  X.  fig.  7. 

1836,     {TarUi. }     *  OoU  GtiV  t.  iL  f.  13,  p.  150. 
ISTI.     (F'trtiroUmiaria.}     Bmima.  *  Unt^e  JmtL,' p,  278. 
Bjfii,     1818.     Turbo  mfiolU.    Miitiater,    GoliifaHs.  »  Petrof,  Uumi;  t  creili. 

1867.     IVecftiw  mn>at««*,    Moore.    'M,  and  U.  Uw;  t.  iv.  f.  Ik  25, 
p.  9L 

My  fadependent  examlnatioti  of  this  npeciea  had  led  me  to 
employ  the  gr*neric  title  of  PleuroU>maria,  recently  applied  by 
Brauna  \  no  specimen  showing  the  slit  has  passed  through  my 
hands,  but  all  that  I  have  examined  exhibit  a  sutuml  band  on 
the  upper  carina  of  the  body-whorl. 

Geological  position. — Zone  of  A,  spinatus,  Eston  and  Upleatham 
Mines  (9  exs.),  Hawsker  (2  exs.). 

Pleurotomaria  tectaria,  Tau. 
PI.  IX.,  fig.  26. 

1870.    •  Irish  Lias  Foss.*  p.  17. 

"  Shell  turbinated,  conical,  scalariform ;  S{]|;re  acute  ;  whorls, 
six,  subquadrate ;  last  whorl  with  two  prominent  carinse, 
separated  by  a  slightly  concave  area ;  surface  of  whorls  strongly, 
longitudinally,  striated ;  upper  part  of  each  whorl  cancellated 
by  very  fi^ne,  oblique  strisB ;  siphonal  band  very  narrow,  occupy- 
ing a  slight  groove  on  the  upper  carina,  ornamented  with  three 
longitudinal  strise ;  base  imperforate,  concentrically  costated ; 
aperture  subquadrangular.  Dimensions :  total  length,  -^^  inch ; 
breadth  of  last  whorl,  ^  inch ;   height  of  body-whorl,  -^  inch.'* 

Belated  to  P.  concava,  Martin,  of  the  L.  Lias,  and  to  the 
species  of  the  /oreofcto-group,  of  the  Middle  Lias ;  its  resem- 
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blance  to  a  typical  Eueyclut  or  Tectaria  readily  serves  to  dis- 
tinguish it. 

Geological  position. — Zones  of  Am,  angulatus  (2  exs.)  and  A. 
Bucklandi  (7  exs.),  Eedcar. 

Pleurotomaria  undosa,  Deslongchamps. 

PL  IX.,  fig.  1. 

1847.    *  M6m.  Linn.  Soc  Normandie,'  vol.  viii.  t.  xiL  f.  2. 

A  Pleurotomaria  from  the  Ironstone  at  Eston,  in  the  cabinet 
of  Mr.  E.  Ooghton,  justifies  the  insertion  of  this  species  in  our 
catalogue.  P.  undosa  is  usually  referred  to  P.  similis^  which, 
whilst  having  the  general  habit  of  that  species,  yet,  by  the  broad, 
smooth  area  bounding  the  sutural  band,  is  allied  to  P.  stdcosa, 
this  character  being  well  exhibited  by  Deslongchamps's  figure 
and  Mr.  Oughton*s  specimen,  which  removes  it  from  P.  similis. 

Pleurotomaria  rustica,  Deslongchamps. 

1844.    *  Mem.  Soc.  Linn,  de  Normandie/  vol  viii.  t.  12,  f.  1.  p.  76. 

1  refer  to  this  species  the  large,  coarsely  ornamented  Pleuro- 
tomarisB  found  in  the  Cleveland  Main  Seam.  The  specimens 
which  I  have  examined  are  all  in  too  imperfect  a  state  of  pre- 
servation to  permit  of  making  any  observations  on  this  doubtful 
species.  Its  alliance  with  P.  similis  is  obvious,  but  whether  it 
be  different  or  an  aged  form  of  that  species,  I  am  not  prepared 
to  say. 

The  largest  examples  measured  between  3^  to  4  inches  in  the 
diameter  of  the  base. 

Geological  position, — Zone  of  Am,  ^natus  (Cleveland  Main 
Seam),  Rston,  Upleatham,  Hob  Hill,  Belman. 

Pleurotomaria  concava,  Martin, 
PI.  IX.,  fig.  27. 

I860.    •  Paleontologie  de  la  C6te-d*0r,'  t  ii.  f.  1,  2,  p.  74. 

Geological  position. — Zone  of  Am,  planorbis  (Pleuromya  lime- 
stone). High  Thorfiborough,  Northallerton  (a  cast). 
Zone  of  Am.  BucJclandi,  Eedcar  (4  exs.). 

Genus  Discohelix,  Dunker,  1848. 

The  genus  Discohelix  was  instituted  by  Dunker  for  the  de- 
pressed Etwmphali  of  the  Mesozoic  rocks,  and  includes  the 
Jurassic  species  referred  to  Etwmphalus  by  Goldfusfi,  to  Straparolut 
by  D*Orbigny,  and  part  to  Planorbis,  Adeorhis,  and  Solarium  by 
other  authors. 

The  alliance  with  the  palaeozoic  genus  Euomphalus  is  obvious ; 

H  2 
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intleeil  tlie  oUiof  disliactioii  appoar«  tri  be  that  of  derivation;* 
Htid  if  we  rigidly  adhere  to  the  characters  given  by  Honker, 
then  some  species  ehoiild  be  tratiiif erred  to  Eugmphalus^  and 
oertiiiii  carlKmiferoUB  Bmimphali  placed  under  Digcohelix.  The 
tiha-iacters  of  tho  group  are:  shell  depressed,  more  or  le^s  disk- 
ebaped,  flut  or  concave  above,  deeply  umbilicated ;  whorJs 
numerous^  more  or  leae  four-eided^  corapaot  and  narrow;  peri- 
fltome  entire,  outer  lip  thin,     Uperculum  unknown. 

Discohelix  Oppeli,  Mariin, 

PI.  X.,  fig.  8,  a,  L 

18€0.    (mraparolm.}    '  PaL  d^  1a  Cote-dOr/  t  i  fo.  3Q^%  p.  74, 

Some  of  our  specimens  have  a  whorl  more  than  the  Fr^mch 
types,  and  wre  proportionately  larger ;  the  whole  tipper  surfaoa 
U  radisAlly  striated;  the  last  whorl  ie  incieaaingly  deflected 
below  the  level  of  the  upp^r  ones,  and  is  carinated  only  on 
the  under  side.      Diameter  of  largest  i^pecimen  y\tha  of  an  incb» 

Geohffkal  j>o#ifimi*^Zone  of  Am.  Bucklwidi  (lower  beda), 
Hedcftr* 

Discohelix  llasinus^  Drnder. 

1847.     (PlanoTbU)    '  Falcon togmplMtV  v^il  I  t  xnl  fig.  £0,  p.  107, 
Qeolo^kal  poMtitm. — Zone  of  Atxl  plunorlm^  Foxtou, 

Discohelix  strlatus,  Pi^e. 

PI.  IX.,  figj*.  8,  0. 

1856.    {Solarium.)    'Bull  Soo.  G^l.  France,*  voL  xiii.  t  x.  f.  10, 
p.  205. 
Syn.     1865.    Solarium  depreimm.     Terquem  and  Piette,     *  Lias  de  TEst  de 
la  France/  t.  ii.  fs.  35-38. 

The  Yorkshire  examples  of  this  species  exhibit  some  variation 
in  the  degree  of  flatness  of  the  spire,  height  of  the  body-whorl, 
and  in  the  character  of  the  ornamentation,  whilst  many  agree 
with  Piette's  figure,  in  having  the  upper  and  lower  margins  of 
the  squarish  whorls  covered  with  tubercles :  yet  a  few  specimens 
present  instead  narrow  costaB  on  the  upper  surface,  which  pass 
over  the  back  as  thick  folds. 

Geohgiccd  pontion, — Zones  of  Am,  Bucklandi  (lower  part)  and 
A.  angulatus  (upper  part),  Redcar. 

Discohelix  aratus,  Tate, 

PI.  IX.,  fig.  5,  a. 

1870.    {Straparolus.)    'Quart.  Journ.  Geol.  Soc.'   voL  xxvi.  t.  xxvi.  f.  21, 
p.  404. 

The  types  of  this  species  prove  now  to  be  immature  examples. 
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as  some  of  our  Yorkshire  specimens  have  twice  their  diameter. 
With  the  increase  of  size,  the  thick  and  distant  flexuous  ribs  of 
the  young  become  slender  and  numerous  in  the  adult.  Dimen- 
sions :  breadth,  ^  inch ;  thickness,  -^j^  inch. 

OeologiccU  position, — Zone  of  Am,  margaritatus  (upper  beds), 
Marske  Mill,  Saltbum,  Huntoliff,  Staithes  (abundant). 

Discohelix  bellulus,  Tate. 

1870.    {Straparohu),  loe,  dt.  p.  404,  t.  xxvi.  f.  22. 
Ten  examples  associated  with  the  last  at  Marske  Mill. 

Discohelix  semiclausus,  Spec,  not. 
PI.  IX.,  fig.  14,  a. 

Shell  small,  globulose ;  spire  sunk,  base  convex,  umbilicus 
narrow,  not  exposing  the  inner  whorls ;  whorls,  4,  convex,  em- 
bracing, ornamented  with  nunierous  fine,  flexuous  threads. 

This  species  has  some  resemblance  to  2>.  aratus,  but  differs  in 
its  shape  and  finer  ornamentation.  Dimensions :  diameter  and 
height  y^^  inch. 

Geological  position. — Zone  of  Am,  angulatus,  Redcar  (4  exs.). 

Euomphalus  minutus,  Sdiiibler. 

1870.  Ziet*n.    *  Verstein.  Wurtembergs,*  t.  xxxiii.  f.  6. 

1809.  Brauns.     '  Mittlere  Jura,*  t.  ii.  fs.  11-13,  p  188. 

Syn.     1850.  Straparolus  m%nutu$,    D'Orbigny.'     *  Prod.  I.*  p.  248. 

1855.  Natica  neglecta.     Simpaon.     *  Fobs.  Y.  L.'  p.  104. 

?1871.  Natica  pilula,    Tate.    *  Geol.  Mag.'  vol.  viii.  p.  5. 

AH  the  Yorkshire  examples  have  an  exserted  spire,  and  agree 
with  Brauns*s  representation  of  Schiibler's  species ;  but  the  shells 
to  which  I  gave  the  name  of  Natica  pilula  have  the  spire  flat,  or 
very  slightly  concave.  Both  forms,  however,  agree  in  general 
shape,  and  in  being  omamentod  with  fine,  longitudinal  threads. 
Simpson  describes  his  species  as  ''having  nearly  the  same 
characters  as  Turbo  Imccinoides^  Y.  and  B.,  but.  quite  smooth." 
This  latter  character,  though  it  belongs  to  the  cast,  is  incorrect 
as  applied  to  the  test. 

Geological  position, — In  great  profusion  in  the  limestone-doggers 
in  the  Jet  Kock,  Hunswick,  Hawsker,  Staithes,  Scugdale. 

Trochus  Robigus,  Spec,  nov, 

PL  X.,  fig.  3,  a,  h. 

Shell  conical,  whorls  seven,  angular ;  surface  shining,  and  orna- 
mented by  flexuous  striae ;  base  imperforate,  convex. 

The  medial  elongation  of  the  whorls  distinguishes  this  species 
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fn>iii  the  U&Bt^ic  j»pecies  of  tbe  genus  or  of  Turbo,     DimenslOEia  i 
length,  T^ijtli®  *  diameter  of  base*  |tb  inch. 

Gticlogical  pfmtion. — Zone  of  Avi*  oxifnotvm,  m  the  n^giQti  uf  A, 
raricoitaiii&,  Robin  Ho<>d'e  Bay  (2  eics.)* 

Trochus  Thetis,  Mtinstcr. 

1842.     ii»  Goldfua*.  *  PeUcf/  i,  olxxix.  t  10,  p.  3i. 

PyritouB  casta  af  the  fihells  of  this  species  are  comTnon  in  the 
lower  bedn  of  the  Middle  Litis  on  the  coast,  but  the  teift  has  been 
obtained  from  a  few  in  laud  utatione. 

Geoloijit-al  jiO«i(iV>»,^Zone  of  Avi,  JamtBoni,  UMu  Hood's 
BajTj  Huntcliff,  Coat  ham,  Wood  End^  Ajton  ■  Chop  Gate,  Hil»- 

Tix)chus  redcarensis,  Spt^.  ntjt\ 
PLZ.,  fig.  14. 

Shell  coniettl,  higher  than  broad,  composed  of  «ix  su  boon  vex, 
angulated  whorla.  Heparated  b^  a  channelled  suture ;  upper 
surface  ornamented  with  about  thirty  oblique  costal,  which 
terminate  in  a  subapinoua  tubercle  on  the  posterior  keel ; 
tesselJated  by  two  longitudinal  threads  symmetrically  placed 
between  the  keel  and  the  suture.  Last  wboii  hiangulated ;  the 
oblique  ooBim  are  continued  on  to  the  anterior  carina,  there 
ridng  into  tubercles,  whence  they  proceed  over  the  base  as  radial 
tbxeada.  Base  fiat,  imperforate,  oniameuted  by  six  concentric 
ribs,  alteniataly  slender  and  stout,  and  by  the  radial  threadB. 
Dimensions :  hetght,  ^  ;  diameter  of  base*  t^nds  of  an  inch. 

The  Liaeeic  I'roohi.  with  isi;m [filiated  whorl 8  and  transverse 
costations,  include  T,  Thetis,  Goldf. ;  T,  Perinianus,  D'Orb. ;  T, 
geometricus,  Dumort. ;  T,  Doris,  Goldf.,  with  which  the  present 
species  has  some  affinity.  It  agrees  with  T.  Perinianus  in  form, 
and  with  T.  Thetis  in  its  deeply-channelled  suture.  In  T.  geo- 
metricus  the  whorls  are  flat,  and  its  form  is  narrow,  whilst  the 
subimbricating  whorls  of  T.  Eedcarensis  still  further  distinguish 
the  two. 

Oeological  position. — Middle  part  of  the  BiicJcl^ndi-Zone,  Ivedcar. 

Phasianella  Morencyana,  Piette. 

PI.  IX.,  fig.  21. 

1856.    *BuU.  Soc.  G^l.  Frftnce,'  vol.  xiii.  p.  204,  t.  x.  f.  12. 

1865.    Terquem  and  Piette.    *  Lias  Inf.  de  I'Est  de  France,'  t.  iv.  fa.  9-11. 

Oeological  position. — Zones  of  Am.  angulatus.  Cliff  (common), 
Bedcar;  and  Am.  Bucklandi,  Redcar  and  Marske  Bay  (not 
common). 
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Pitonillus  sordidus,  Spec.  nov. 
PL  X.,  fig.  19. 

Shell  small,  conical,  rather  depressed,  imperforate ;  whorls, 
five,  convex,  smooth,  or  obsoletely  striated ;  similar  to  P.  conicua, 
D'Orb.,  but  with  more  inflated  whorls.  Dimensions:  length 
^ths ;  diameter  of  base,  ^nds  of  an  inch. 

Oeological  position, — Zones  of -4m.  angulatus,  Kedcar;  and  A. 
Bucklandi^  Red  car  and  Marske  Bay  (15  exs.). 

Turbo  solarium,  Pieete, 

PI.  IX.,  fig.  16. 

1856.     *BuU.  Soc.  G^l.  Fmnce,*  vol.  xiii.  p.  205,  t.  x.  f.  16. 
1867.    Terquem  and  Piette,  loc.  cit  t  iu.  fe.  22-24. 
Syn.     1867.     Turbo  tiro.     Dumortier.     *  Dep.   Jur.'  vol.  ii.  p.  191 ;   t.  45. 
fa.  7,  8. 
1 867.     Turbo  Burtcmi.  Tate.    '  Quart.  Jonr.  G«ol.  Soc.*  vol.  xxiii.  p.  314. 

This  species  exhibits  some  variation  in  the  minuter  characters, 
though  its  general  form  is  pretty  constant.  The  type  is  a 
rotund,  depressed  shell,  with  smooth  whorls,  the  posterior  ones 
being  angiilated ;  mouth  round,  and  the  umbilicus  small. 
Another  form  represented  by  Dumortier's  figures  has  rounded 
whorls,  and  is  imperforate.  A  third  variety,  typified  by  T. 
Burtoni  (mihi),  is  with  or  without  an  umbilicus,  and  the  surface 
of  the  whorls  is  finely,  longitudinally  striated.  The  common 
variety  in  the  Yorkshire  Lias  agrees  with  T,  tiro,  Dumortier. 

Geological  position. — Zones  oi  Am.  an^u^^fM,  Millington  (1  ex.), 
Redcar  (2  exs.) ;  and  Am.  Bucklandi,  lower  and  middle  regions, 
at  Redcar  (abundant). 

Turbo  latilabrus,  Stoliczka. 

PI.  IX.,  fig.  15. 

1861.     '  Sitz.  A  K.  Akad.  d.  Wissen.  Wien,'  voL  xliii.  t.  ii.  f.  9,  p.  173. 

This  species  resembles  the  last,  from  which  it  differs  in  its 
more  convex  and  narrower  whorls,  characters  which  remove  it 
from  T.  hullatus,  Moore,  with  which  it  has  some  affinity. 

Geological  position. — Main  seam  of  ironstone  (Am.  ^natus- 
Zone),  Eston  and  Upleatham  Mines. 

Turbo  lineatuSj  Mocre. 

PL  IX.,  fig.  20. 

1867.    *  Mid.  and  Up.  Lias,  S.W.  of  England,'  p.  95,  i.  vl.  fs.  13,  14. 

Resembles  the  last,  but  is  striated  all  over. 

Geological  position. — Main  seam  of  ironstone, Upleatham  (1  ex.). 


Mi 


PALvEONTOLOCJY. 


Turbo  retlculalus,  Moor^. 

18G7,     *  Qmift.  Jcmr.  Gool.  Soc?  vnl  isiii.  p.  556;  t.  tvi.  fa.  11,  12, 

Hy^  epeoiTiien  fiDm  the  Buck!  and!- beds  at  Bed  car  agreee  with 
the  abovcMjuotod  figures  and  description,  and,  moreover,  euppUee 
a  deaideratum.  Tb^  baee  is  convex,  with  numerous  acnte  ribs, 
radially  striated,  a»d  is  narrowly  umbilioated* 

Turbo  Wilsonl,  Spe^.  mm. 
PL  X.,  fig.  5. 

Shell  eubgloboi^e ;  epiro  very  short,  coiiipose4i  of  five  whorls, 
the  last  one  considerablj  larger  than  the  rest  of  the  epire  ;  oma^ 
metited  with  veiy  fine*  longitudinal  cost«,  and  evanescent 
tmiisvereo  plications  at  the  suture.  Base  convex,  nmbilicated, 
covered  with  numerous  concentric  threads;  aperture  rotund. 

Named  after  Dr.  Wilson,  f.u.s,^  my  genial  oompaDion  of 
many  geidogical  excursions. 

Geohgkal  potfiiton.—  Zoue  of  Am.  BticMandu  Eedcar  (4  exa.). 

Turbo  cyclostoma,  Bern, 

PL  IX.,  figa,  19,  20. 

18S3,    lu  ZhUn's  '  Verat.  Wiittcmbergt^*  L  xxxiii.  1 4. 

Ot^o^eal  potilimi. — Zones  of  Am.  tnargaritatm,  Btaitbes,  an 
elongated  variety,  approaching  to  T,  Leo^  D'Orb. ;  Am.  spinatu*^ 
rare  in  tiw  main  seam  of  ironstone  at  Enton,  Upleatham^  and 
SkinningTove  Alinea,  and  not  uncommon  in  the  outlyirig  dogger- 
bands  at  Kettlenesjs  and  Haweker ;  Am.  ajinulatus,  Glaizedale  fa 
cast). 

Turbo  aciculus,  StoUczka. 

PL  IX.,  fig.  22. 

18uL     Trochus  aciculus^  loc,  cit.  t.  ii.  f.  8,  p.  173. 

Referred  with  Home  doubt  to  the  Hierlatz-shell,  but  differing 
from  Pitonillus  turbinatuSj  Moore. 

Geological  position, — Zones  of  Amu  spinatus,  one  of  the  common 
shells  of  the  main  seam  of  ironstone,  Eston,  L^pleatham,  and 
Hob  Hill  Mines ;  Am.  annulatua,  Hob  Hill  (a  cast). 

Turbo  Philemon,  D'Orbtgny. 
PL  IX.,  fig.  25. 

1850.     *Prodromu8/ voL  i.  p.  214. 
1853.    *  Pal  Fr.  Terr.  Jur.'  t.  cccxxvi.  fs.  2,  3,  p.  327. 
Syn.     1870.     Solurium  Thomtoni,  Tate,  *  Irish  Liassic  Foss.*  t.  i.  f.  9,  p.  16. 

Shell   depressed,  wider  than  high,  of  a  Rotella  like  aspect ; 
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whorls  4,  subquadrate,  smooth,  and  shining ;  last  whorl  bicari- 
nated,  obtusely  or  squarely  so ;  surface  sometimes  wrinkled  or 
striated  transversely,  and  rately  are  the  apical  whorls  longi- 
tudinally striated ;  base  slightly  convex ;  umbilicus  narrow,  its 
margin  wrinkled.  Dimensions:  breadth,  Jth;  height,  ^j^ih  of 
an  inch. 

Geological  position, — Zones  of  Am,  angulatus  (3  exs.),  and 
A,  Bucklandi,  Redcar  (numerous  examples;. 

Turbo  tenuis,  Terguem  and  Pieite. 

1865.     *  Lias  inf.  do  PEst  de  la  Fraow/  t.  iv.  f«.  1-3,  p.  52. 

Qeological  position, — Abundant  in  the  P^romya-1  inlestones  of 
the  A,  planorhiS'ZonQ,  near  Northallerton  and  Foxton. 

Rissoa  nana,  Martin, 
PL  IX.,  fig.  17. 
I860.     Turbo  nanus.    '  Mem.  Soc.  Geol.  Fr.*  t.  i  fs.  26,  27,  p.  72. 

The  Redcar  examples  have  the  transverse  costeB  crossed  by 
numerous  fine  threads — a  detail  not  noted  by  the  original 
describer. 

Geological  position,  —  Zone  of  Am.  Bucklandi,  lower  part, 
Redcar. 

Hydrobia  solidula,  Bunker. 

PL  IX.,  fig.  6. 

1847.     Paludina  soUdula,  loc.  cit.  t.  xiii.  f.  9,  p.  108. 
Syn.     1855.     Turbo  exemptus.    Simpson.     *  Fous.  York.  liias,'  p.  104. 

Geological  position, — Zones  of  Am,  oxynotus^  Robin  Hood's  Bay 
(many  examples) ;  Am.  arm^tus,  Warter  (a  fragment  of  this  or 
an  allied  species). 

Genus  Eucyclus,  Deslongchamps, 

The  genus  was  founded  by  Deslongchamps  (*  Bull.  Soc.  Linn, 
de  Normandie/  vol.  v.,  1860)  to  include  certain  Littorina-like 
shells,  many  of  which  had  been  located  under  Purpurina^  Turbo, 
and  Trochus,  having  a  more  or  less  elongated  spire,  thin  test, 
and  longitudinal  ornament;  generally  granulated,  tuberculated, 
or  spinous  c()8t«.  The  group  was  recognised  by  Morris  and 
Lycett  (*  Mollusca  Great  OoL,  1854),  but  was  insujBBciently  cha- 
racterised, though  the  name  Amberleya  was  imposed  by  them. 
Subsequently  diagnostic  characters  were  given  by  Lycett 
('Supplt.  G.  OoL  Moll.,'  1863),  but  three  years  after  the  publica- 
tion of  Deslongchamps's  name.  The  species  are  numerous  in  the 
Jurassic  rocks. 
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Ekicylus  ol^gans,  Marnier. 

PI.  TX,,  &g.  30. 

1S44,    TtiThQ  d^ant^  m  Gkjldfmifi,  *  Petref.  Gt^rmiUj.'  t.  cicUi.  t  10,  p.  9i. 

Sheli  turbinate,  conical,  imperforate;  whoHs  7  to  9*  conv^Xt 
ornatiiented  with  two  strong  median  ribs,  posterior  to  whieh  ard  1 
one  or  two  email  ribB,  raiBed  into  granulations  hy  the  iv&ns verse 
ribs  that  covor  the  whole  whorl.  Beneath  the  keel  and  adjaoent 
to  the  anterior  iutnre  h  a  mod  era  teij^ -strong  lib  ;  apical  whorls 
triangulated,  tesi*ellated  by  distant  and  promiiient  traosveree 
ihTGikdiii. 

Geologicdl  ^omiitm.  25one6  of  Am*  antjuiatuii.  Cliff  (oommon^j 
Ti^dcar;  aud  A.  Buchlaudi,  tt^dmr  (not  ii»comiiioii). 

Eucycius  Cliapuisi,  Tcrqmnkand  PieU£. 

IBG5,     TTochm  Chaputn,  loe  di.  t  ii-  fa.  25-27,  p.  43. 

WLotU  angukted,  gnb-imbricatiDg,  with  graiailar  ribs* 
O&ological  position. — Zone  of  Am.  Buvklandi,  fiedear  (4  e»a*), 

Eucyclus  select  us,  Chapuu  and  Detjealqtic. 
1854,     Turbo  uihriut^  *  Fosfi.  du  l^uxem^jourg/  t,  xU.  t  7,  p  S@. 

Whorls  imbricating,  8  rows  of  gmnules ;  length  one  inch. 
Geological    position, — Zone   of  Am.   Bucklandiy    Marske    Bay 
(1  ex.). 

Eucyclus  acuminatus,  Chapuis  and  Dewalque. 
PI.  X.,  fig.  20. 
1854.     Trochus  acuminatuSy  '  Fobs,  du  Luxembourg,'  t.  xii.  f.  3.  p.  82. 
Geological  position. — Zone  of  Am.  angulattis,  Eedcar. 

Eucyclus  imbricatus,  Sowerhy. 

1821.     Trochun  imbricatus^  *Min.  Con.'  t.  cclxxii.  figs.  5  and  6. 
Syn.     1855.     Turbo  concinnus.     Simpson.    *  Fobs.  York.  Lias/  p.  104. 

Specimens  of  T.  concinnus  in  the  \\hitby  Museum  are  casts 
probably  of  this  or  an  allied  species. 

Geological  position. — Zones  of  Am.  armatus,  Robin  Hood*s 
Bay,  Huntclitf,  Coatham  Scars,  Chop  Gate,  Bilsdale. 
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Eucyclus  Guadryanus,  D*Orhigny. 
1858.    {Trochui.)  D'Orbigny,  *Pal.  Fr.  Terr.  Jur/  t.  cccxi.  fs.  4-7,  p.  268. 

More  slender  than  E.  imbricatuaj  with  ahout  three  rows  of 
large  granules. 

Geological  position, — Zone  of  Am.  Jamesoniy  Huntcliff  (2  exs., 
i  mperfect). 

Eucyclus  undulatus,  Fhillips. 
PL  X.,  tig.  12. 

1829.  Turbo  undulattM,  *Geol.  York.'  t.  xiii.  f.  8. 

1855.  Simpson,  loc.  cit.  p.  104. 

Syn.     1850.  Turbo  suhundulatua,  D'Orbigny,  *  Prod.  I.*  p.  228. 

1855.  Turbo  adductu8  et  T.  rugogus.     Simpson,  loc.  cit.  p.  104. 

Shell  pyramidal ;  whorls  6  to  7,  angular,  sub-imbricating, 
flat  above;  ornamented  by  about  10  granular,  longitudinal  ribs, 
crossed  by  strong  striae;  last  whorl  angular,  carinatcd,  and 
tuberculose,  concentrically  costated ;  base  very  convex,  concen- 
trically costated,  and  transversely  striated  ;  aperture  large,  sub- 
angular  ;  columella  straight  and  imperforate.  Dimensions : 
length,  li  inches  ;  diameter  of  last  whorl,  1  inch. 

The  type-specimen  in  the  York  Museum  is  a  cast,  showing  a 
weak  carina,  and  traces  of  numerous  longitudinal  lines  and  faint 
transverse  wrinkles  on  the  upper  part  of  the  whorls.  The 
species  is  allied  to  E,  imhricatus.  Sow.,  but  differs  by  its  robust 
shape,  less  angular  whorls,  and  its  more  numerous  rows  of 
granulations  and  coarser  transverse  striae.  It  is  confined  to  the 
North  of  Yorkshire. 

Geological  position, — Zones  of  Am.  c^ipricomus,  Staithes,  Hum- 
mersea,  Huntcliff  (common) ;  Am.  margaritatusy  Staithes,  Rock- 
cliff,  Hawsker  (rare) ;  A.  spinattis,  Upleatham  (one  ex.,  perhaps 
a  variety). 

Eucyclus  N  ire  us,  VOrtngny. 

1854.     Turbo  Nireus,  *  Pal.  Fr.  Terr.  Jurass.'  t.  cccxxvii.  fs.  11-13.  p.  333. 

Geological  position. — Zone  of  Ammonites  spinatus.  Main  seam  of 
ironstone.  Hob  Hill  Mines  (1  ex.). 

Eucyclus  couspersus,  Spec.  nov. 

PI.  X.,  fig.  11,  a,  6. 

Shell  turriculated,  imperforate ;  whorls  7,  angular,  imbri- 
cating, suture  channelled  ;  upper  part  of  penultimate  whorl  with 
8  longitudinal  rows  of  small  granules,  crossed  by  transverse 
striae  ;  keel  granulated,  situated  in  the  anterior  third  of  the 
whorl,  beneath  which  are  about  4  longitudinal  threads ;    base 
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ooBvex,  with  15  conoeiitnc  ribs^  obeoletely  graniilo^e,  and  ra- 
diating linee  ;  apertura  moderately  angulated.  DirnoDBions  : 
lenghj  /ifthe  ;  diameter  of  base,  y^tha  of  an  inch. 

This  Bpeciest  resembles  E,  Julia^  D'Orb..  in  its  eubtmreted 
form  and  general  ornamentation,  but  differti  in  its  granulate 
keel,  and  numerous  longitudinal  co^to?,  and  is  not  half  the  size. 

Qeologital  position. — Main  seam  of  ironstone  (Zone  of  A.  gpina- 
ttm),  Eston  (1  ex/). 

Eucyclus  cingendus,  8^ec.  noft 
PL  X.,  fig.  15. 

Shell  conical ;  whorle  7,  rotniid  ;  penultimate,  with  about 
10  thick,  deprcBsed  longitudinal  c^itst®,  tran&veisely  striattsd ; 
base  similarly  ornamented  ;  moderately  umbilioated  in  the 
young,  and  with  a  narrow  umbilical  figiure  in  the  adult  IHmen- 
dons :  length,  l^^th  inch ;  diameter  of  last  whorl,  y^th«  incb. 
Differs  from  E,  Nicia^f  D'Orb.,  in  iia  thick,  depressed,  and  more 
numerous  costae. 

Oeftlogic^l  p(mitton, — Zon&s  of  Am,  *pmatu»,  main  seam  of  iron- 
stone^ r^pleatham  and  Eston  3linea  ;  Am,  margaHtiUm,  Staithes, 
Huntcliff ;  Am.  nmiulatu4i.  Hob  Hill  (a  ftast)  ;  and  top  of  j1.  capri- 
i?or»u«,  Huntelifffl  ex,). 

Littorina  elevelandica,  ISpce.  fm^ 
PLX.  fig.  17, 

Shell  ovately  oonicaK  of  4  convex  whorltt,  longitudinally 
5  cos ta ted,  and  rugosely  striated  transversely*  imj^er folate ; 
aperture  oval. 

The  penultimate  whorl  is  obtusely  biciuinated  by  two  thick 
Bub-acute  costaB,  the  superior  of  which  is  medial ;  a  third,  and 
similar  one,  is  adjacent  to  the  anterior  suture ;  above  the  median 
rib  are  two  granulated  and  smaller  costsB ;  the  whole  surface  of 
the  shell  traversed  by  rugose  striae,  forming  denticulations  or 
granulations  on  the  two  posterior  ribs,  and  crenulations  on  the 
others.  The  interspaces  on  the  body- whorl  are  sometimes  occu- 
pied by  a  row  of  small  granules  or  a  slender  rib ;  base  with 
12  concentric  libs,  and  radial  striae.  Dimensions :  height,  y'^^ths ; 
diameter  of  last  whorl,  j^^ths  of  an  inch. 

Geological  position,  —  Lower  Margaritatus  beds,  Huntcliff, 
Hummersea,  liockcliff,  and  Staithes. 

Littorina  semiornata,  Munster. 

1844.     Turbo  senu'ornatw,  in  GoldfusB,  *  Petref.'  t.  cxciii.  f.  8.  p.  94. 

Two  casts  from  the  Aiigulaiua-hedH  at  Kcdcar  may  belong  to 
shells  of  this  species. 
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Natica  buccinoides,  Young  and  Btra, 
PL  IX.,  fig.  n. 

1828.    AmpuUarta  huceinoidesy  *  ^nr.  York.  Coast/  p.  249. 
1855.     Turbo  huceinoides.    Simpeon.    *  Foas.  York.  Liaa,'  p.  104. 
Syn.     1850.    Natica  Pelaps.    D'Orbigny.    *  Prod.  I.*  p.  247,  and  1853,  *  Pal. 
Fr.'  t.  oclxxxviii.  fe.  16,17. 

There  cannot  be  any  doubt  of  the  identity  of  Ampullaria  huc- 
einoides with  Natica  Pelops:  Oppel  (Sluraf.,*  p.  258)  recorded 
the  species  under  D'Orbigny's  name  from  the  Upper  Lias  of 
Yorkshire.  I  think  that  Young  and  Bird'ii  description,  or  rather 
comparison  with  their  A,  Sigaretina,  t.  284,  f.  3,  will  justify 
the  adoption  of  their  name. 

The  original  reads : — **  Another  shell  of  this  kind  occurs  in 
the  lias  bands ;  its  spire  is  more  prominent  [than  in  A.  Sigare- 
tina\  and  each  whorl  is  flattened  on  the  upper  part,  as  in  the 
spire  of  Buccinum  glaucum.^ 

Shell  ovate ;  spire  depressed ;  whorls  5  to  6  convex,  slightly 
flattened  at  the  posterior  suture,  marked  with  fine,  but  faint, 
longitudinal  strisB,  finely  punctured  (Simpson),  and  fine  lines 
of  growth.  Last  whorl  large ;  base  convex ;  aperture  oval. 
Length  about  li  inch. 

Geological  position. — Zone  of  Ammonites  serpentinuSy  Bunswick. 

Natica  purpuroidea,  Spec.  nov. 
PL  X.,  fig.  13. 

Specimen  imperfect,  and  somewhat  eroded ;  it  is  evidently 
congeneric  with  Ampullaria  angulata,  Dunker,  quoted  by  Brauns 
under  Purpurina,  and  I  have  no  doubt  of  its  distinctness  from 
any  figured  liassic  gasteropod. 

Shell  ovately  globose,  pyriform ;  spire  oblique ;  whorls  few ; 
body-whorl  angulated  medially,  posteiior-half  concave,  anterior 
part  convex,  surface  covered  with  flexuous  lines,  and  rugose  of 
growth.     Length,  l/iyths  inch  ;  greatest  breadth,  l^V^h  inch. 

Geological  position. — Not  ascertained,  probably  A.  Bucklandi- 
beds,  Redcar. 

Turritella  Zenkeni,  Dunker. 

1847.   Melania  Zenkeni^ '  Palaeontographica/  vol.  i.  p.  108,  t.  xiii.  fs.  1-3. 

Geological  position. — Zone  of  Am.  Bucklandiy  Marske  Bay  and 
Red  car  (7  exs.). 

If  T.  Deshayesea  be  distinct  from  T.  Zenkeni,  then  must  it  be 
added  to  our  list,  as  one  specimen  closelv  approaches  to  the 
figured  specimen  in  size.  It  measures  2|  inches  long,  body- 
whorl  ^  inch  diameter,  and  there  are  9  whorls. 
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Turritella  DunkerJ,  T^rQu&m. 
PI  IX.,  fig.  IL 

Sjn.     1850.     IM/bna.     3lmpfion.     *  FoeSt  York.  Lias/  |».  I  fH, 

The  ispecimena  united  under  this  name  exhibit  great  variatioii 

of  shape  and  ornament  of  the  whork,  and  of  si^.  The  type 
has  roimded  or  eub-angnlar  whorls  with  5  longitudinal  costm, 
tranaversely  litriatcyl.  The  whorls  vaiy  in  the  amount  of  angu- 
larity and  in  the  nuKfberand  etrength  of  the  ribs  and  traneveTse 
etriations^  the  apical  whorls  of  some  spec i mens  have  open  can- 
cell fti ions*  Our  longest  example  measures  1  inch,  and  haa 
14  whorls. 

Oeolofjical  podttm, — ^Zonee  of  Am.  attgulatu6.  Cliff;  A,  Buck- 
!andi,  Hedriar  J  and  A.  oj^yjMrftw,  Eohin  Hood'a  Bay  (a  few  exB,). 

Turritella  regtilaris,  T^queut  and  PieiUt 

A  small  shell  from  the  (Xr^//fti#-ljeds,  Robin  Hood^s  Bay,  with 
fiat,  disjointed  whorl a^  ornamented  with  5  rows  of  granulations, 
and  tran«versely  striated,  though  having  more  oosrae  than  are 
abown  in  Terquem  and  Piette's  figures,  yet  probably  belongs 
thereto.  Somewhat  similar  specimens  from  the  BucX*?«jMii  beds 
at  Hedcar  may  be  of  the  same  epecies,  U'hey  are  Tumtellas. 
The  authors  of  the  species  were  uncertain  of  its  generic  posi- 
tion ;  it  cannot  well  be  associated  with  21  DunkerL 

Cerithium  gratum,  Terquem. 

1855.     '  Pal.  de  Hettange/  t.  xvii.  f.  6,  p.  277. 

Oeological  posHitm, — Zones  of  Am.  angulatus  and  ^4.  Buckl^ndi, 
Redcar. 

Cerithium  semele,  UOrbigny, 

1850.    *  Prodromus  I.*  p.  215. 

1860.    Martin.     '  Pal.  de  la  Cote-d'Or,'  t.  xi  fs.  8-10. 

Geological  position, — Zones  of  Am.  angulaius,  Cliff;  A.  Buck- 
landi,  Redcar. 

Cerithium  spiratum,  Moore, 

1867.    'Quart.  Journ.  Geol.  Soc.*  vol.  xxiii.  t.  xiv.  f.  12,  p.  543. 
Geological  position. — Zone  of  Am.  angulatus,  Redcar. 
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Cerithium  Slatteri,  Taie. 

1870.     •  Quart.  Joum.  Geol.  Soc/  voL  xxvi.  t.  xxvi.  f.  7,  p.  406. 
Syn.     1829  ?  RosteUariaf  «p.    Phillips.    '  Geol.  York.*  t.  xii.  f.  12. 
1855  ?   Turbo  aureus.    Simpeon.    *  Foss.  York.  liias,*  p.  104. 

Simpson's  species  is  founded  on  pyritous  casts,  and  seems  to 
include  C.  Slatteri  and  Chemnitzia  Biainmllei,  and  Phillips's  Bos- 
tellaria  is  one  or  the  other  of  them. 

Geological  position, — Zone  of  Am.  Jamesoni,  Huntcliff,  Upsall ; 
common  in  the  region  of  A.  armatus,  Robin  Hood's  Bay. 

Cerithium  liassicum,  Moore. 

PL  IX.,  fig.  18. 

1867.     •  Mid.  and  Up.  Lias,  8.  W.  England/  t.  iv.  fg.  16, 17,  p.  85. 

Geological  position, — 2iOnes  of  Am,  spinatus,  Hawsker,  main 
seam  of  ironstone  Eston  and  Upleatham  Mines ;  and  A,  anmL- 
laliM,  Hob  Hill,  Grosmont,  and  Glaizedale. 

Cerithium  acriculum,  Spec.  nor. 
PL  X.,  fig.  1. 

Shell  turreted,  the  length  3  times  the  width ;  whorls  8  in  a 
length  of  y^ths  of  an  inch,  angulated-and  imbricating;  surface 
of  whorls  transversely  wrinkled  and  striated.  DifiFers  from 
C.  Ibex  (mihi),  in  the  absence  of  a  longitudinal  band  at  the  pos- 
terior suture. 

Geological  position. — Zone  of  Am,  spinatus,  Hawsker  (1  ex.). 

Cerithium  quadrilineatum,  Bdmer. 

1836.    (TurnteUa.)    *Ool.  Gebirge,*  p.  154,  t.  xi.  f.  14. 
1869.     Braims.  *  Mit.  Jura,*  t.  ii.  fs.  7,  8. 

Geological  position, — Highest  beds  of  Alum  shale;  Lofthouse 
Alum  W  orks ;  also  in  the  Blea  Wyke  Beds. 

Cerithium  armatum,  GoM/iufs. 

1843.     *  Petref.  G^nnanica,'  t.  dxxiii.  p.  31. 
Geological  position. — Zone  of  Am.  jurensisy  Peak  (2  exs.). 

Chemnitzia  Collenoti,  Terquem  and  Pietie. 

1865.     Cerithium  Collenoti,  *  Lias  inf.  de  TEst  de  France,*  p.  63,  t.  vi.  fs.  1,  2. 

My  specimens  referred  to  the  above  species  differ  from  the 
figure  of  Terquem  and  Piette  in  the  costaB,  which  are  irregular, 


short,  and  thiek,  being  confined  to  the  upper  whorlst  the  liodj- 
whorl  bein^  wr  in  kiwi  or  utriated  trans  veraelj. 

Geokuj^c-al  jMmiifm.  —Zonea  of  Am.  BiickUindi^  Uedmt :    A.  fmf* 
notJWy  Robin  IIood*s  Bay  (1  ex.  Whitby  Miis,), 


CbemnlUia  transversaj  Blake. 
PL  X.,  fig.  2L 
1872.    CerUhium  trantnermifa^  *  Quart.  Jom-.  Geol.  Soe/  voL  xxTiii.  p.  Ii2. 

SIihII  conical,  whorls  9  convex,  ornamented  by  thick  and 
straight  transverse  plications,  10  on  the  body-wharl ;  the  first 
four  apical  whorls  without  ornament;  whole  surface  smooth; 
base  convex,  smooth ;  nmbilious  minute*  Dimensions :  total 
lan^'h,  Jth  inch. 

Ill  is  species  differs  from  its  o^mgeuors^  and  its  nearest  ally, 
€,  Etaleme,  in  the  absence  of  strmtiona^  and  in  having  a  minute 
iimbilicuH. 

iJmlogkal  poeitiojk — Zone  of  Am,  an^tlaiu^.     Cliff  (1  ex.), 

Cbemnitzia  Berlhaudi,  Jhinwriier, 

1867.    *  Ddp,  JuraftH/  vr»J.  ii.  p.  184.  t.  xliv,  f.  2. 
Hjn.     1867,     Chemnihia  Tjfhti.   Tftto,  *  Quart.  Joiir.  GeoL  Soc.'  vol  xz.  p,  313. 

Geological  pomtion, — Zone  of  Am.  BueMandi.     Redcar* 
Chemnit^ia  unicingulata,  Terqtiem. 

1853.     Melania  unicingulata,  *Pal.  de  Hettange,*  t.  xiv.  f.  10,  p.  256. 

Geological  position, — Zones  of  Am,  angulatus.  Cliff  (1  ex.) ;  and 
Am.  BueMandi,  Marske  Bay  (1  ex.). 

Chemnitzia  Youngi,  Simpson. 

PL  XVL,  fig.  6. 
1855.    Scalaria  i  Youngi.    *  Foes.  York.  Lias,'  p.  104. 

"  Length,  H  inch. ;  18  rather  tumid  whorls;  26  to  28  obtuse 
ribs,  curving  to  the  right ;  faintly  longitudinally  striated,  more 
distinct  near  the  well-defined  suture;  length,  five  times  the 
width." — Simpson. 

This  handsome  species  is  easily  recognised  by  its  inflated 
vvrhorls  and  strongly-arched  costsB. 

Geological  position, — Zone  of  Am,  armatus,  Robin  Hood's  Bay 
(Whitby  Mus.). 
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Chemnitzia  carusensis,  L'Orbignff. 

1850.    *  Prod.  I.'  p.  226 ;  *  Pal.  Fr.  Terr.  Jnr.'  t.  ooxxxvu.  ft.  13-15,  p.  84. 

Geological  pomtion. — Zones  of  Am.  armalus^  Robin  Hood's  Bay 
(2  exs.) ;  A,  Jameaani,  HuntclifiF. 

Chemnitzia  undulata,  Bmut. 

1832.    TurrUeOaundvlaJUi,    In  Zieten's  <  Yerst.  Wfirt.' t.  zzzii  C  2. 

Geological  position, — Unknown.     Bobin  Hood's  Bay  (one  ex- 
ample in  Collection  of  Mr.  Leckenby  submitted  to  me). 


Chemnitzia  BlalnvUlel, . 

1834.    Melania  hlainviOei,  In  GoldfoBS, « Petref.  Germ.'  t.  zcvuL  t  9,  p.  112. 

Geological  position, — Zones  of  Am.  Jamesoni,  Huntcliff,  Upsall ; 
A.  capricomusy  Huntcliff;  Am.  margaritatus^  Huntcliff,  Staithea; 
Am.  spinatusy  Hob  Hill  (2  exs.);  Hawsker,  Eettleness ;  Am, 
annulatus.  Hob  Hill  (4  exs.),  Hutton,  Glaizedale,  Bransdale. 

Gnemnitzia  foveolatai  Spec  nav. 

PI.  IX.,  fig.  12. 

Shell  conical,  elongated;  whorls  12,  nearly  flat  or  slightly 
convex,  separated  by  a  narrow,  but  well-defined  suture ;  upper 
whorls  ornamented  by  a  great  number  of  slightly-arched  rios, 
limited  by  a  longitudinal  band  at  each  suture;  the  anterior 
whorls  with  thicker  costsB,  but  separated  into  granular  nodula- 
tions  by  transverse  sulci. 

It  is  very  distinct  from  C.  BUUnvillei  and  its  other  congeners. 

Geological  position. — Zone  of  A.  Jamesoni,  Wood  End  Bailway 
Cutting,  near  Ayton. 

Chemnitzia  semitecta,  Tate. 

PI.  IX.,  fig.  23. 

1867.     Cerithium  stiblineatum.    Moore.    '  Mid.  and  Up.  LIm,'  t.  iv.  f.  11.  p.  84 
(non  Chemnitzia  tubUneata,  D'Orbigny,  1850). 

I  am  dubious  as  to  this  identification,  but  the  shell,  which  is 
figured,  though  having  some  affinity  with  C.  BlainviHeij  appears 
distinct  by  its  shape,  obsolete  plications  on  the  last  whorl,  and 
the  absence  of  concentric  cost»  on  the  base.  It  is  a  smaller 
shell  than  C.  suhlineata^  Moore,  with  more  convex  whorliu  bat 
with  the  same  ornament,  and  may  be  the  same. 

Geological  position.  —  Zones  of  A.  margariiaius^  Staithes 
(3  exs.) ;  A.  spinaius,  Eston  and  ITpleatham  (4  exs.).  Moore's 
specimen  is  from  the  Upper  Lias. 
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Chemnitzfa  nuda,  Miinsier, 

PI.  X.,  tig.  9, 

1843.    TitfHteUa  nvda.    MtlTutcr.    GoldfiuB,  t.  cxctI  f  ]3«  p.  106. 

Geological  pomti(m.—2tOT^GB  of  ^m,  fwar^on7«/«ff  (lower  part), 
Huntcliff;  ?X  Apino^ux,  Upleatbam  and  Ef^tou  Mme«  (8  exs.}. 

Chemnltzia  citharellaj  Spec*  ikw, 

PI.  X.,  fig,  4, 

Syn.     1855.     Tudio  frrrtuu.    Biaip«on-    *FoflR,  York.  Litiei,*  p.  105. 

Shell  turrioulate,  apex  acute ;  whorls  7  ^o  8.  elightl 5^  convex,  a 
very  little  ^*  en  gradine,"  with  about  20  deourreiit  trao averse  coetea 
on  the  whork  of  the  spire,  which  become  Bomewhat  irregxilar 
plicatiotifi  on  the  body  whorl.  Upper  whorls  wi  th  nnmerous  Ion  gi- 
tudinal  threads  traveraiwg  the  coet^.  Body  whorl  occupy ing 
nearly  one-half  the  length  of  the  shell ;  aperture  o^ah  Dimen- 
sionsl  UfiaX  length  1  inch ;  breadth  of  body  whorl  j%  ths  inch. 

Turbo  ferreus  noticed  by  Simpson  aa  a  cost  ^  inch  long,  witb 
6  flattened  whorls,  may  very  probably  belong  here* 

C,  citharella  ia  evidently  con  generic  with  C  pha^anoide*. 
Deal  on  g.  and  d  BrmifwiHetm^,  Dumoii;,,  and  may  therefore  belong 
to  LittorineUa.  It  is  intermediate  in  form  between  these  two 
species,  but  the  ornamentation  is  distinct. 

Geological  position. — Zone  of  Am*  margariiatm,  Straithes^  Eock- 
cliff/Hnntcliff;  top  part  of  A.  caj^ric^jrtm^/Htmtcliflr- 
Chemilitzia  acula,  Spec,  nae, 
PL  X.,  fig.  10. 

Shell  cylindrical,  elongated,  whorls  ten,  sub-convex,  shining  ; 
posterior  suture  bordered  by  a  narrow  band ;  whole  surface, 
including  the  band,  covered  with  fine  transverse  strise.  Dimen- 
sions :  length,  i^ths  inch ;  breadth,  ^th  inch. 

C  acuta  resembles  Melania  amalthei,  Quenstedt,  *  Jura '  t.  xxiv. 
fs.  6  to  8,  but  has  more  whorls  and  is  much  longer  in  proportion 
to  the  width  ;  whilst  M.  amalthei  is  quite  smooth,  and  probably 
belongs  to  Hydrohia. 

Oeological  position, — Zone  of  Am.  annutatuSy  Glaizedale  (1  ex.). 
An  imperfect  specimen  of  a  Chemnitzia  with  more  inflated  whorls 
and  flexuouB  strisB  may  be  an  adult  form  of  this  species ;  it  is 
from  the  same  horizon  at  Staithes.  Certain  casts  in  the  Grey- 
shales  at  Boosbeck  may  belong  here. 

Actaeonina  fragllis,  Bunker. 

1847.     TomateOa  fragUis,  *  Palaeontographica,*  vol  i.  p.  Ill,  t.  xiii.  f.  9. 
Zone  of  Am.  planorhis,  near  Northallerton,  and  at  Foxton. 
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Zono  of  A.  angulaiu8f  and  A,  Bucklandi^  Redoar. 
„         A,  oxynotus.    Bobin  Hood's  Bay. 

Actaaonina  sinemuriensis,  Martin. 

I860.    Actseon  Sinemuriensitj '  Pal.  Cdte^l'Or/  t.  i.  (g.  9, 10,  p.  70. 
Oeologieal  position. — Zone  of  Am,  BuMandi,  Redcar. 

Actaeonina  ilminsterensiSi  Moore. 
PI.  IX.  fig.  7. 

1867.    '  Up.  and  Mid.  Lias,  8.  W.  England,'  p.  82,  t  y.  figs.  25-26. 
Syn.    1867.    Actmon  t^udUxtw.    Tate.    *  GeoL  Mag.*  yoL  Tiii.  p.  6. 

*'  Ovate  elongated,  whorls  six,  convex,  blnntly  keeled  at  the 
suture ;  last  wborl  ornamented  witb  about  20  equi-distant  longi- 
tudinal depressed  costae  and  perpendicularly  striae;  tbe  sulci 
and  the  costsd  are  of  about  equal  width.  Aperture  oval.  Total 
length,  ^ths  of  an  inch.  Differs  from  A.  Broliengis,  Bnigui^re, 
chiefly  in  its  ovate  form."  Most  of  the  Yorkshire  specimens 
differ  from  the  Gloucestershire  and  Somersetshire  ones  in  the 
greater  breadth  of  the  sulci,  and  in  consequence  the  surface  is 
costated  and  not  striated. 

Geological  position. — Zones  of  A.  eapricomus,  Huntcliff, 
Staithes;  A.  margaritatus,  Huntcliff,  Marske  Mill;  Ammonites 
spinatuSy  Eston  and  Upleatham  Mines ;  Hawsker  (1  ex.) ;  Gros- 
mont  (1  ex.)  ;    A.  annulatus  (a  small  cast).  Hob  Hill. 

Actaeonina  marglnata,  Simpmm. 

1855.    Auricula  f  marginataj '  Fobs.  York.  Lias,'  p.  134. 
Syn.    1829.    Actseon  ap.    Phillips,  •  Grol.  York.  Coast,'  t.  xiii.  f.  11. 

1870.     Tomateua  oapricomi.  Tate.  *  Quart.  Jour.  Geol.  Soc.'  vol.  xxvi. 
t.  xxvi.  f.  18,  p.  405. 

Shell  elliptical,  spire  elongated,  whorls  5,  scalariform ;  shoulder 
of  whorl  forming  a  right-angle,  obtusely  rimmed;  last  whorl 
slightly  impress^  below  the  upper  angle  longitudinally,  and 
marked  with  fine  curved  lines  of  growth ;  aperture  oval,  very 
acute  behind  and  sub-angular  in  front ;  outer  lip  thin ;  columella 
with  a  longitudinal  fold.  Dimensions  of  Yorkshire  example. 
Total  length  I'xyths,-  length  of  large  whorl  T^ths,  breadth  |th 
inch.  This  species  resembles  A.  sinemuriensis,  but  is  more  ellip- 
tical, and  the  striations  are  finer. 

Geological  position.^Zones  of  Am.  armatus,  Robin  Hood's  Bay 
(4  exs.) ;  Am.  Jamesoni  and  A.  caprieomus,  Huntcliff  (obscure 
examples). 

I  2 


8^6 
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Aetseonlna  chrysalis,  Sjp^e,  noc. 
PL  X,,  fig,  23. 

Shell  oblong  orate,  whorls  5,  sub-oonvex,  depressed  at  the 
suture,  with  a  single  im pressed  line  on  the  ehouldet  of  the 
whorl,  marked  with  fransveree  plicatiims  And  fioe  atrise ;  eplre 
elongated,  subacute ;  aperture  elongated,  eljghtly  effupe  in  front, 
posteriorly  very  narrow  ;  base  slightly  depreased*  DimenBiona : 
total  length  |  inch ;  length  of  lo^t  whorl  ^  inch,  breadth  i^thi 
inch. 

Geological  pontion. — Zona  of  Am.  spinatut^  Eeton  and  Up- 
leatham  Minee  (2  exs.). 


Actssonina  puUa,  Koch  and  Bunker. 

1837.    *Belti§ge,  VexBt.  Nordd.  Oolith.'  t  ii.  1  11,  p.  33. 
1850.    Mim'm  and  hjcBtt    *  Q,  Oolite  Moll/  t.  xt.  f.  4.  p.  119- 

OeGU>0iml  petition. — Zone  of  Am.juremiM,  Peak  (1  ex.) ;  alao 
in  the  Inferior  Oolite  at  the  same  plaoe. 
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GLASS  LAMELLIBRANCHIATA. 

By  BALPH  TATE. 

Young  and  Bird  described  and  mentioned  32  species  of  Lia^sio 
conohifers ;  6  of  their  specific  names  are  adopted,  whilst  14  re- 
present 10  of  Sowerby's  species,  these  authors  having  imposed 
new  names  for  several  of  the  species  described  by  Sowerby  upon 
the  most  trivial  grounds ;  3  species,  wrongly  identified,  have 
been  described  by  subsequent  authors,  and  the  8  species  remain- 
ing cannot  be  satisfactorily  established,  so  that  19  deteiminate 
species  only  are  recorded  in  the  first  catalogue  of  Yorkshire 
liassic  bivalves.  Phillips  (1829)  refigured  3  of  Young  and 
Bird's  species,  and  gave  drawings  of  10  neW  species,  2  of  which, 
Pholctdomya  Miquata  and  Ccrhis  uniformity  I  erase  from  the  nomen- 
clature. He  further  records  23  species  of  Sowerby,  and  indicates 
the  presence  of  9  others,  bringing  up  the  total  of  this  class  to  60. 

Williamson  and  Hunton  published  manuscript  names  of  a  few 
species,  but  whether  of  new  or  previously-described  forms,  it  is 
impossible  to  say.  Stutchbury  (1843)  described  and  figured 
Cardinia  concinna  from  Robin  Hood's  Bay  as  a  new  species, 
calling  it  C  lanceolata. 

In  1855  Oppel  added  3  from  personal  observation,  and  in  the 
same  year  Simpson  published  descriptions  of  no  less  than  124 
species  of  Liassic  lamellibranchs  from  the  neighbourhood  of 
\\hitby.  After  a  careful  study  of  the  types,  I  find  that  the  124 
names  have  been  given  to  only  65  species ;  53  names  I  reject  as 
being  only  in  duplicate,  and  4  as  belonging  to  indeterminate 
specimens.  Of  the  65  satisfactory  species,  the  majority  have 
been  described  by  other  authors,  whose  names  are  adopted; 
whilst  14  only  are  here  attributed  to  the  local  palaeontologist. 

In  the  third  edition  of  *  Phillips's  Geology  of  Yorkshire '  three 
additional  forms  are  recorded  that  are  described  in  the  following 
pages,  and  one,  Leda  rostralia,  which  we  have  not  met  with.  The 
total  number,  excluding  the  last,  reaches  77 ;  while  those  re- 
corded in  these  pages  number  190.  The  greater  bulk  of  our 
additions  comes  from  the  Lower  Lias,  from  which  7  species  only 
had  been  recorded  previous  to  the  publication  of  my  coadjutor's 
paper  on  the  Infra  Lias  in  the  southern  part  of  the  country. 

Ostrea  liassica,  Strickland, 

1845.    In  Murcbisou^s  '  Geol.  of  Cheltenham,'  2nd  edit.  p.  99. 
1871.    Phillips.    *  Geol.  Ttiamee  VaUey,'  t  viL  f .  47. 
Syn.     1846.     Ostrea  sMameUota.    Dnnker.    *  Palseont.' i.  t  vi  f.  41. 

3raun8,  who  has  carefully  reviewed  the  liassic  species  of  N.  W. 
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Germany,  possibly  su^prefisiug  too  many,  hsm  admitted  two 
specter  of  oyaters  ^vhiuh  havia  generally  been  quoted  under  O. 
irregulariB^  Goldfuss;  iheBe  are  0.  sublamell&m^  Dk.,  and  O. 
utHfula^  Miinsten  0.  irregularw  be  regards  &&  an  attached  modi- 
fi^  form  of  Qr^phea  arcuala*  This  cx^mrse  appears  reasonable, 
but  one  corr€^ction  is  neoessary.  Strickland*a  0.  tiaemca  is  the 
aame  ahell  as  0.  #w&^m^^o»(i,  described  in  the  following  wordfi  : — 
**  Longitudinally  oblong,  slightly  curved,  imbricated ;  the  upper 
valve  flat,  the  under  one  laomewhat  ^)^lnded ;  margin  entire  ; '' 
and,  having  priority  of  publication,  i&  the  name  fco  be  employed* 
Geological  posiiion,  —  2one  of  Am.  planorhis^  Cliff,  Hotbam, 
pQCklingtonf  Esbon  Gypsum  Fit,  neighbourhood  of  Kortballer- 
toa,     RhoBikf  How  sham. 


Syn. 


Ostrea  ungula^  Mumier, 

Mahrbuoh  fttr  Minfrto!,*  p.  32fiL 


Oiidlogicai  position, ^Zonen  of  Jwt-  an^iA/tUw*,  Redcar  (lower 
beds  J,  Slakes  Pit,  Ct>atham,  Cliflf;  Am.  Bttcklandl,  liedoar, 

Ostrea  Goldflissl,  Brmn. 

In  *  Er*oh.    Gnilj.  EncjcL*  iii.  fcicL  vii*  p.  lyS. 

Stw.     1834.     OWrwt  iKtJiwciiia.  MtiDHteT,  it)  ^QoMfiufl  Pet  Gertn/  t  UxUL 
f.  6,  p,  20  (noti  Sow.). 

1855,     0*r^r«»  (Vr^j^m.  Terquem.   '  Pid.  dij  Hcttattge,'  i  xi?,  f.  2, 

p.  185. 

18^.     Oitrea   irrt^giUaru.  Dumodier.    *  D^p.  Juf-a«»;  pt.  ii.  t.  iJix. 
f»,  1-3. 

Shell  of  a  deltoid  to  circular  form;  upper  valve  slightly 
convex,  wrinkled  or  striated  concentrically  ;  lower  valve  attached 
by  whole  surface;  front  margin  elevated;  about  2^  inches 
diameter. 

Geological  position, — Zones  of  Am.  BucJdandi,  Redcar,  Marske 
Bay,  Robin  Hood's  Bay;  A.  oxynotut,  Robin  Hood's  Bay;  A, 
JpmcBoni,  Robin  Hood's  Bay. 


Ostrea  semiplicata,  MunOer. 

1834.    GoldfusB.     '  Petref.  Germ.*  t.  Ixxii,  f.  7,  p.  4. 

This  species  resembles  Terquemia  (f  Hinnites)  Heberti,  Tqm. 
and  Piette,  and  with  which  it  has  been  confounded. 

QeologiccU  position. — Zones  of  Am.  angukUus,  Redcar,  Milling- 
ton  ;  Am.  Bucklandi,  Redcar. 

The  Millington  specimen  is  only  a  fragment,  and  may  belong 
to  T.  Heberti,  but  a  few  perfect  specimens  have  been  gathered  at 
Redcar. 
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Ostrea  subauricularls,  lyOrhigny, 

1850.    *ProdromiuL'p.257. 
8yn.    1834.    Ostrea  auricularu.  MilnBter  in  Goldfun,  *  Pietef.  Genn.' t.  Izxiz. 
f.  7  (non  Walk.). 

Oeological  position, — Upper  part  of  Alam  Shale,  Loftbouae 
Alum- works,  and  Zone  of  Am,  Jurenns^  Peak. 

Ostrea  submargaritacea,  Braum. 

1864.    '  PaUdont'  vol  xiii.  p.  101,  t  xxi?.  ft.  6,  7. 

A  large,  depressed,  beaut  ifully-perlaoeous  oyster  of  an  elliptical 
shape. 

Geological  position, — Zones  of  Am,  spinatus,  main  seam  of  iron- 
stone, Eston,  Upleatham,  Belman,  and  Ghalloner  Mines,  Staithes, 
Kettleness ;  Am.  margaritatusy  Grosmont. 

Ostrea  sportella,  Dwnortier. 

1857.    *  Mem.  de  la  Soc  d'Agr.  d*Hist.  de  Lyon,'  t  L  &  1-8,  p.  8  and  1869. 
*  D4p.  Jur.'  vol.  iii.  t.  xxiL  fa.  6, 7 ;  and  t  xli.  fs.  3-7,  pp.  144  and  316. 

This  species  is  a  connecting  link  between  the  true  oysters  and 
those  of  the  section  Oryphaea ;  it  is  of  a  regular  form,  and 
plicated  laterally,  but  has  no  beak,  being  attached  by  a  consider- 
able surface  in  ^e  umboual  region. 

Oeological  position, — Zone  of  Am,  tpinatus^  Hob  Hill  Mines  (a 
large  typical  example).  jSmall  shells  of  a  similar  form  have 
been  obtained  from  the  Zones  of  A,  armatus^  Warter,  and  of  A, 
Jamesoniy  Peak,  but  they  are  probably  young,  broadly-attached, 
examples  of  GryphcBa  obliquaia, 

SECTION   GRYPUiEA. 

Eminently  distinguished  by  the  large,  curved  beak  of  the 
lower  valve,  which  usually  projects  considerably  above  the  upper 
one.  They  are  generally  of  regular  form,  and  they  are  free,  or 
if  adherent,  only  in  the  young  stage,  and  then  only  by  a  point. 
However,  intermediate  stages  are  exhibited  by  individuals  of 

ries  of  Ostrea  and  Gryphasa  belonging  to  several  epochs ;  so 
Gryphsea  is  degraded  to  the  rank  of  a  group  or  section  of  the 
genus  Ostrea;  nevertheless,  it  may  be  expedient  to  retain  the 
name. 

Ostrea  arcuata,  Lamarck, 

1802.    *  Syst^me  dee  Animaux  a.  vert^brM,*  p.  398. 
Svn.     1815.     Gryphsea  inatrva,    Bowerby.    *  Min.  Con.'  t.  oxii.  fa.  1,  2. 

1828.     Gryphaea  incurva,    Young  and  Bird.    *GeoL  Snrv.'  p.  242, 

t.  viii.  f.  13. 
1855.    Gryphxa  incurva,    Simpson.    *  Foes.  Y.  L.'  p.  107. 

The  specific  identity  of  Gryphcea  arcuata  and  G,  incurva  has 
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always  been  a^liaitted^  yet  the  older  name  Laa  been  rejected  m 
this  country  for  that  given  at  a  later  date  by  an  English  a'athor, 
a  course  in  contravention  of  a  imive really- recognised  law  of 
priority  that  cannot  too  severely  be  cen^sured, 

Oeohgieal  poiiiion, — Zone^  of  Am,  angulnt^i,  Ee^car ;  A.  Buck* 
landi,  K  if  dear,  Robin  Hood's  Hay,  Nuii!hL>ipe»  Ellerbeck^  and 
near  Sigaton  \  A.  osctffwius^  Kobin  Hood's  Bay. 

In  tiie  lower  part  of  the  Anijulaiu»-&tThE  at  Eedcar  0.  arcuaia, 
tboiTgh  abundant,  i  Hal  ways  dwarfed,  and  it  is  only  in  the  highest 
bed'i  that  it  acquires  its  normal  size  and  fthape.  As  in  other 
districts,  the  Bucklandi*heil^  are  the  head  quarters  of  this  spcoies, 
some  of  the  limestones  of  which  are  made  up  of  it^  sbells.  In 
the  Oa:tyjw?fu«-fieries  at  Eobin  Hood's  Bay  0.  armata  does  not 
constitute  banks,  as  in  the  underlying  series,  but  occurs  sparsely 
flOuttei'ed  throughout,  being  somewhat  rare  in  the  region  of 
Ammonitei  raricmtatfis. 

Ostrea  cymbium,  Lamarck. 

1819.     '  Hiit  Nftt  dm  Aniroaui  6.  vertfebres/  vol.  xl,  p.  198. 

VARIETY   OUUQUAFA, 

181S.     Oryphxa  obH<pt<Mia.    Bowerby.    *  Miri.  Con/  i  ciiL  f.  3. 
Sya.    1834.     Grtfphxa  ohltqita.    Gold  fuss.    *  Pet.  Qenn.'  1  Ixxiv.  f.  2,  p.  30. 
1855.     Oruphaca  M^CuUoeJiL    Simpaon,     '  Fom.  Y.  L.'  p.  107. 

This  shell  is  sometimes  mistaken  for  Q.  arcuata,  but  it  is  mora 
lenj^thened  anteriorly,  and  is,  moreover,  oblique. 

Geological  poaiiion.—Zone^  of  Ammonites  oxifnotus,  Robin  Hood*« 
Bay  (rare);  A,  armatu$f  Robin  Hood's  Bay  and  Red  car;  A, 
Jammoni^  in  all  the  cc^ast  sections,  and  generally  where  this 
horizoD  is  exposed. 

This  is  one  of  the  most  abundant  fossils  in  the  lower  part  of 
the  Middle  Lias,  but  does  not  seem  to  have  been  gregarious,  like 
its  ally  0.  arcucUa^  or  the  related  variety  in  the  higher  beds. 

VARIETY    DBPRE3SA. 

Syn.    1820.     Gryphites  Gigas.    Sohlotheim.    *  Petrefact.*  p.  286. 

1829,75.    GryphxaMaculhchii.  Sowerby.  *Min.Con.*t.dxlvii.fB.l-S. 

1829,  35,  75.    Gryphxa  depressa.    Phillips.    •  Geol.  York.*  t.  xiv.  f.  7. 

1855.     Ostrea  eondnna,  0.  inflata.  0.  pateU»formf8,  and  O.  tumidulo«u$^ 

Gryplufa  orbictdari$,    Simpson.    *  Foss.  Y.  L.*  p.  107. 

Phillips's  fig^Jre  represents  the  common  oyster  in  the  middle 
part  of  the  Middle  Lias,  where  it  forms  thick  beds,  traceable 
over  a  large  area.  It  does  not  merit  notice  as  a  modified 
form  of  the  large  and  thick  variety  of  0.  cymbium,  though  it  is 
usually  flatter  than  it,  yet  when  met  with  isolated,  it  is  un- 
distinguishable. 

0.  concinna,  Simpson,  I  regard  as  a  cast  of  the  flat  valve  of  G. 
depresm,  Phil.,  as  I  do  his  0.  inflata  and  0.  patdlmformi»  as  casts 
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of  young  examples  of  O.  eynibiumy  and  his  O.  tumidvUomu  the  cast 
of  an  adult  shell  referable  to  the  same. 

Typical  examples  of  O.  cyrnbium  have  not  been  observed  by  me. 

Geological  poaltion. — Zones  of  Am,  capricomus  (upper  part),  on 
the  coast,  Guisbro',  Kirkleatham ;  A,  margaritatus,  on  the  ooast, 
Hutton,  Koseberry,  Bilsdale,  Danbydale,  &o. 

Anomia  striatula,  O^pel, 

1856.    *  Die  Juraformation,*  p.  107. 

1867.    Terquem  and  Piette.  *  Lias  Inf.  de  TEst  de  France/  t.  xiv.  f.  5. 
p.  113. 

Geological  positiofi, — Zone  of  ilw.  angulatus,  Millington. 
Anomia  alpina,  Winkler. 

1859.    *  Schichten  der  avicula  contorta/  p.  5,  t.  i.  fa.  1,  2. 
6yn.    1855.    Anomia  peUucida.     Terquem.     'Pal.  de  Hettange,'  p.  112, 
t.  XXV.  f.  5  (non  Miiller). 

Geological  position,— Zone  of  Am,  anguhUue,  Millington  (1  ex.). 
Anomia  numismalis,  Quenstedt. 

1856.    •  Der  Jura,'  p.  311,  t.  xlii.  f.  9. 

Geological  position.— Zones  of  Am,  armatus,  Kobin  Hood's  Bay  ; 
A.  Jamesoni,  Goatham ;  A.  capricomus,  Huntcliff;  A.  margaritatus^ 
Hnntclifif;  A,  spinatus,  Upleatham. 


Pecten  lunularis,  Bomer. 

1839.  '  Verst  Nord.  d,  Ool.  Nachtrag/  p.  26. 

Byn.    1828.  P.  (c/.)  lamellosus  (Sow.).    Young  and  Bird,  p.  235. 

1845.  P.  liasinWf  Nyst.    Dunker,  Oppel,  &c. 

1855.  P.  pulcheUwj  planut,    Simpson.    *  Fobs.  Y.  L.'  pp.  108, 108. 

Young  and  Bird  evidently  allude  to  this  species  in  describing 
a  lenticular  and  circular  Pecten,  nearly  smooth,  or  faintly  striated ; 
not  unlike  P.  lamellosus.  Sow.,  but  flatter  and  smoother.  The 
largest  example  observed  by  me  measures  4  inches  in  height 
and  in  breadUi.  The  examples  recorded  from  the  lower  horizons 
are  small;  the  largest  of  them,  from  the  jBudS:^n(2t-beds  at 
Kedcar,  is  1^  inch  in  height  and  breadth. 

Geological  position. — Zones  of  Am.  Bucklandi,  Redcar,  (7  exs.) ; 
A,  Jamesoni,  Coatham  (1  ex.),  Easby  (1  ex.);  A,  capricomus, 
Huntcliff,  Staithes ;  A,  margaritatuSy  Huntcliff,  Staithes,  Danby- 
dale,  Easiugwold;  A,  spinatus,  Eston,  Upleatham,  Jlob  Hill, 
Skelton  Park,  Belman  Mines,  &c.,  Staithes,  Hawsker. 

This  species,  which  is  best  known  as  P.  liasinus,  has  its  head- 
quarters in  the  main  seam  of  ironstone,  being  there  abundant,  and 
of  great  size. 


Peoteii  calvus,  Qoldfuu. 

1^34,    *  PtJtraf,  Germ/  t.  xcii.  f,  1,  p.  74. 
iyiL     1834.     F,  twt«iait«.     MiiJiater.     Oold/uia.  p.  93»  t  XCTlii  1 12. 

Qisologuial  poiifi^m.^ Zones  of  Am.  angulatus^  Eedcar,  Slakei'^ 
Fit,   Coatbaia ;  A,   BucHandi^   Hedcar,    Kobin    Hood'ei  Bay ;  A,  I 
uxynotus^  BtibJn  Hood'ii  Bay,  Market  Weigh  ton  i  A,  armatujt^  Robm 
H^od'»  Bay;  A.  capricomug,  }lunic\iS[;  A.  tmrgarikUuMj  BtaiUied, 
Kirby  Underdale* 

Pecten  taxtilis^  MumUr, 

1S34.     In  GoliifueB^  '  Petref.  tienu/  t.  l^tudlL  f,  a,  p.  43, 
Geological  position* — Zone  of  Am*  ang^daim.  Cliff. 

Pecten  punctalisslmus,  Qmn^^, 

1858.    *Jum,M.  ix>f.  H,  p.  7a 

Geological  position* — Zon^e  of  Jrrt.  antjulattts,  CliiTi  Millingtoii^ 
Hedcar;  ^,  Bucklandi^  Kedcar. 

Pecten  lohbergensis^  ^ifier^ion* 

1^0,    '  Zeitadir,  d.  Beutetik  QeoL  Oeti/  ToL  scxti  t  ul  f.  4,  p.  dia. 

Omlogical  position. — Zune  of  Am.  BtieMondi,  Kobin  Hood*s 
Bay  (JA  exa^y 

Fecten  substriatus,  M&trm. 

ism,    *  VcT&t  d.  Oolithen  G^birg^/  p.  7L 
Sjn.     1855.     P.  r^itif^tdari*  ami  F.  pttnctutus.   Bimpfion.   *  Fobs,  Y.  L,*  pp.  11*8 

and  109. 
1858.    P.  strionatU.    Quenstedt.    *Jura,'  t.  xviii.  f.  21,  p.  117;  and 

t.  xxui.  f.  2,  p.  183. 

Geological  position. — Zones  of  Am.  Jamesoni,  Robin  Hood's  Bay, 
Huntcliff,  Coatham,  Easby;  A,  capricomus,  Staithes,  Huntcliff, 
Hnmmersea ;  A.  margaritatus.  Peak,  Staithes,  Huntcliff;  A. 
gpinaius.  Hob  Hill  and  Eston  Mines ;  A,  annulatuSy  Skelton  Park 
Pit. 

This  very  fine  species  is  not  uncommon  in  the  oyster-bands  of 
the  capricorniLS-hedsy  and  in  the  mar^an'to^u^-sands tones,  specimens 
from  which  are  large,  and  in  a  good  state  of  preservation. 

Pecten  PoUux,  jyOrbigny. 

1850.    » Prodrome  I.'  p.  220. 

1864.    Dumortier.    *  Oe'p.  Jurafls.*  pt.  i.  p.  65.  t.  x.  fs.  11, 12,  and  t.  xi. 
fa.  1-4. 

Geological  position, — Zone  of  Am,  planorhis  in  the  oyster-bands 
at  Cliff. 
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Pecten  textorius,  Schloihem. 

1820.    PecliniUi.    '  Petrefactenktinde,' p.  229. 

1834.    GoldfuBS.    •  Petref.  Qenn.'  t.  Ixxxix.  f.  9  a,  6  (non  c,  d),  p.  45. 

Oeoloffical  position. — Zones  of  A,  angiUatus,  Slakes  Pit,  Coat- 
ham  ;  Am.  Bucklandi,  Redoar  (not  nnoommon  in  the  shell-bands 
in  the  middle  portion  of  the  zone),  Kobin  Hood's  Bay. 

Pecten  Thiollieri,  Martin. 

I860.    •  Pal.  de  la  C6t©-d*0r/  t.  vi  fii.  21-23,  p.  89. 

Geological  position. — Zone  of  Am.  Bucklandi^  Redcar,  Marske 
Baj  (middle  and  tipper  regions,  not  uncommon). 

Pecten  aequalis,  Quensiedt. 

1858.    *  Jura,'  p.  78,  t.  ix.  f.  13. 
Syn.    IS55.  9 MtdticMtatue,    Simpaon.    *  Fom.  Y.  L.' p.  109. 

Geological  position. — Zones  of  Am.  planarbiSj  Clifif;  Am.  oxynoius^ 
Market  Weighton,  High  Stone,  Redcar,  ?  Robin  Hood's  Bay. 

Pecten  equivalvls,  Sawerbn. 

1816.  *  Min.  Con.'  t.  cxxxvi.  f.  1. 

1828.  Young  and  Bird.    *  Geol.  Survey,'  p.  234. 

Syn.     1828.  SubUsvU.   Young  and  Bird.  *  Geol.  Survey,' p.  234,  t.  ix.  fB.9, 10. 

?1829.  Sublxvis.    Phillips,    •  Geol.  York.' t.  xiv.  f.  5. 

1855.  SuhUevis.    Simpeon.    'Foss.  Y.  L.'  p.  108. 

1856.  SublsBvis.    OppeL    '  Die  Juraformation,'  p.  181. 
1828.  Major.    Young  and  Bird.     *GeoL  Survey,'  p.  235. 
1855.  Mqjor.    Simpson.    *  Fobs.  Y.  L.'  p.  107. 

1875.    Major.    PhiUipe.     '  Gcol.  York.' p.  246. 

1855.    Ahenew.  rudit,    Simpson.    '  Fobs.  Y.  L.'  pp.  108, 109. 

1855.    Limaf  BumvieienM.    Simpson.    '  Foss.  Y.  L.'  p.  109. 

The  multiplicity  of  names  applied  to  this  species  by  York- 
l^ire  geologists  requires  some  explanation.  The  specific  name 
is,  nevertheless,  a  misnomer,  as  the  shell  is  decidedly  inequi- 
valve,  which  was  pointed  out  by  Young  and  Bird.  Specimens 
of  about  two  inches  diameter  present  the  following  characters : — 

Right  valve  moderately  convex ;  ribs  about  20,  rounded,  with 
flat  interspaces  crossed  by  acute  concentric  costulsB;  ears  of 
moderate  size,  rectangular,  and  perpendicularly  striated,  the 
anterior  one  the  larger ;  hinge  with  a  distinct  oblong  tooth  on 
each  side  of  the  ligamental  pit. 

Left  valve  flat,  or  nearly  so ;  ribs  about  20,  broad  and  flat ; 
interspaces  flat,  and  narrower  than  the  ribs;  whole  surface 
faintly  striated  oonoentrically ;  ears  unequal,  the  anterior  one 
small  and  rectangular,  perpendicularly  striated ;  posterior  large, 
half-sagittate,  radially  and  concentrically  costated. 

P.  equivalvis  attains  to  a  lai^e  size  in  the  Spinatusheds ;  the 
largest  which  I  have  measured  has  a  length  and  breadth  of 
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6i  inches ;  Young  and  Bird  have  named  it  P.  oto/dt  ;  the  convex 

vaWe  has  24  ribs*  sligbtly  narrower  than  the  iDterapaoee^ 

P.  mblcBviSf  Young  and  Bird^  ia  not  di&tingniBhable,  by  their 
deficription^  from  P.  e^tValfM.  In  their  fig.  10,  the  winged  ear 
IB  evidently  broken,  and  I  incline  to  tbe  opinion  that  P.  mih~ 
IcEvii  of  PhillipB  is  a  mere  variety  of  the  same  species,  with 
more  acute  ribs  than  ordinarily,  and  similar  to  P.  acuitcmtattig, 
Zi«tcn  [  it  may,  however,  be  P.  prtscuBr  Schloth.  P  aheneus, 
SimpsoQ,  IB  an  excortioated  Bpeelmen  of  this  species  or  P.  pn'*- 
eu8,  and  P,  rudia  is  nothiu]^  more  than  a  lari^iBh  individual  of 
P,  equ.imilid»,  Lima  f  Runamcienms^  similar  RpectmenB  to  wbich 
wo  have  obtained  from  a  sbale-bed  in  the  Spinatus  series  at 
Kcttlcnese,  whcmc©  tbo  oi  iginal  comes*  is*  witbout  doubt,  a  dis- 
torted and  partii*!Iy  eDxled  example  of  P,  equivalms. 

Gi^ological  pomtion, — Z^^ne^  of  Am,  Jamesoni,  HuntelifT*  Eock- 
cliff,  Coatham,  Bilstialo,  Wtxid  End,  A>ton,  Eobin  Hood's  Bay, 
Langbargh ;  Am.  eapricornug,  Kobin  Hood's  Bay,  Hnmmersea, 
Huntcliff;  Am.  mar{faritaius^  Staithaa,  Huntcliff^  Hummoi^sea, 
Danbydale ;  Am,  »pinatus^  most  abnnciant  and  large,  K. W<  Cleve- 
land, Eettleness^  Haw^ker,  Grosmont,  Glaizedale,  &c. ;  Am,  annu- 
httut.  Hob  Hill,  Staithes,  Skelton  Park, 

Pecten  priscus,  SeMtyiheim, 

1820,    '  Petrefflctenkunde;  p.  222. 
Ifi34.     GoldfuBs,     *  r^lruf.  Genu.'  t,  iv.  1  10,  p.  78. 
1629.  f  P.  i^umrU.     Pbillips.     *  Get>L  York.'  t  xlv.  f.  5. 
Syn.     1855.  F,  inUrdificttui,  dklwt^^tnut.  Simpson.    ^  Fom.  If,  L/  pp.  108, 100. 

This  species  resembles  P.  eqmvahk,  bnt  the  valves  are  not  so 
dissimilar ;  the  ribs  are  more  numerous  and  acute,  with  angular 
interspaces. 

Geological  position. — Zones  of  A,  oxynotus,  Market  Weighton 
(l  ex.);  A^  Jamesoniy  Robin  Hood's  Bay,  Warter,  Huntcliff, 
Coatham,  Easby,  Upsall  Sinking ;  A,  margaritatu8  v.  A.  spinatus 
(P.  interstinctus,  Simpson). 

Pecten  pumilus,  Lamarck 

1819.    *Hist  Nat.  d.  Animaux  b.  vert.*  vol.  vi.  p.  183. 
8yn.     1833.     Personatus.    Zieten.     *  Verst.  Wurtemb.^  t.  lii.  f.  2. 
1834.    Penonattu.    Goldfuss.    *  Petref.  Germ.' t  xcix.  f.  5. 

Geological  position. — Zones  of  Am,  serpentintts^  Skelton  Park  Pit 
(1  ex.) ;  Am.  communis,  Whitby  and  Skelton  Park  Pit  (3  exs.) ; 
Am,  Jurensis,  Peak  (1  ex.). 

Pecten  vertlcillus,  Stoliczka. 

I860.     '  Jahrb.  Geol.  Reich.'  p.  197,  t.  vi.  figs.  3,  4. 

A  doubtfully  correct  identification. 

Geological  position,— ZoxLQ  of  Am,  spinatus,  Hotham  (1  ex.). 


LAMXLLIBRANGHIATA.  865 

Pecten  disciformis,  Schvhler, 

1830.    Zieten.    *  Vent.  Wiirt/ t.  liii  f.  2,  p.  69. 
Geological  position, — Zone  oi  Am,  Jurenns,  Peak. 

HInnltfls  papyraceos,  Zieten. 

1836.    {Peeten).    « Vewt  Wfirt' p.  70,  t.  liiL  f.  5. 

Oeologieal  position, — Zone  of  Am.  communis,  LoftlioiiBe  Alum 
Works  (1  ex.). 

Hinnites  tumidus,  Zieten. 

1833.  (Pecten.)    *  Veret  Wfirt.' t.  Hi.  f.  1,  p.  68. 

Bjn.    1834.    PecUn  velatus.    Goldfuss.    *  Petref.  Genn.' t.  so.  f.  2.  p.  45. 

Oeologieal  position.  —  Zone  of  Am.  spinatus,  Eaton  Mines 
(1  ex.). 

Lima  Terquemi,  Tale, 

1867.    '  Geol.  and  Nat.  Hist.  Repertory,'  p.  395. 
8yn.     1855.     Tubereulata.    Terquem.    ^  Pal.  de  Hettange/  t.  xxiii.  f.  3  (non 
'Brocchi). 

The  pre-occupation  of  the  specific  name  given  to  this  shell  by 
Terqnem  justifies  the  adoption  of  that  of  Terquemi  in  its  stead. 

Geological  position.  —  Zone  of  Am.  angulatus,  Bedcar  and 
liillington  (rare  and  fragmentary). 

Lima  succincta,  Sddoiheim. 

1813.    (CAawitt.)  •  Min.  Taacb.  v.  Knorr,*  3rd  sup.  t.  v.  f.  4. 
Syn.     1818.     Lima  antiqwUa,    Sowerby.    *  Min.  Con.'  t.  ccxIy.  f.  2. 

1834.  Lima  Hermannt.    (roldfuss.     'Petref.  Germ.' t.  c.  f.  5,  p.  80. 

Geological  position. — Zones  of  Am.  angulatus.  Cliff;  Am.  Buck- 
landi,  Redcar  and  Marske  Bay. 

The  Redcar  specimens  agree  with  L.  nodulosa,  Terq.,  in  pos- 
sessing numerous  fine  scaly  ribs,  a  character  which  seems  to 
belong  to  all  young  examples  of  L.  succincta,  and  by  which  it  is 
distinguishable  from  L.  Hermanni,  Zieten. 

Lima  Hermanni,  Voltz. 

1833.     Zieten.    •  Verst.  Wurt.'  t.  li.  f.  2. 

1835.  75.     Hermanni.    Phillips.    'Geol.  York '  t.  xiv.  f.  18. 

1828.     Plagiostoma  rusticum.   Young  and  Bird.   *  Geol.  Survey,'  p.  226. 
Syn.     1829.     Phillips,  lor,,  di.  t.  xiv.  f.  18. 

1855.     Lima  irregularis.    Simpson.    'Fobs.  Y.  L.'  p.  109. 
Plagio9ioma  mnlticoetatumf  id.  p.  110. 

This  species  has  the  general  form  of  L.  succincta,  but  differs  in 
the  details  of  the  ornamentation.     The  young  shells  of  L.  sue- 


36$  f*ALM>NTr)LO(iY. 

Mncia  are  strryngly  ribbed,  with  sinalkr  otie#  lAtt^rventtig ;  wLiJst 
thoae  of  L.  ffermanm  are  amootli.  with  deeply-engraved  Itiifs, 
eventuflUy  giving  rise  to  flat  broad  i ibe,  PhjllipA^a  figure  repre- 
flenta  tbia  stage  of  growth  of  the  Bpecios, 

Oedoffical  pcWfiVifi.— Zonea  of  A.  Jan^^ni^  Rnbin  Hood's  Bay, 
Huotcliff,  Coa^ham,  Normauby  ]>rifr,  Osltorne  Hush  Pit,  Upsall, 
HIgb  Stone,  Redcftr;  Am.  mpricemm^  Huntoliff;  Am.  marga^ 
tiiattiA,  Haw^ker,  Hraith^Sf  EockcUff;  Hummeriea,  Huntcliff, 
Danbydale,  and  liottom  ieam,  Glausadiile,  GroHtnotit,  Guisbro* ; 
Am.  #p»na/u^,  Clavt^laiid  main  seam  and  snborditiate  beda,  Eston, 
tlple^tbam,  Hob  Hill,  Htttton,  Bel  man ,  Slapewath^  and  Skeltmi 
Park  Mine«i,  Staitbea* 

L.  Hemianni  is  not  rare  in  the  lower  part  of  tbe  liliddle  Lias, 
but  is  one  of  the  mofit  oommon  in  tbe  viargariiatas  aand^tones^ 
specimens  from  which  getierally  equal  3^  iBobes  in  tbe  leogtb 
of  the  loBger  axis.  It  is  abundant  in  the  bottom  seam  of  iron- 
stone, and  is  not  nncommon  in  tbe  frbales  above*  brrt  h  sparsely 
distributed  in  the  main  beam;  one  specimim  in  Mr.  G.  Lee's 
CoUectioti  measuree  6  by  5  incbea^ 

Lima  punctata,  Soteerhf, 

1SI5.    {riagiatUma.}    ' Mjo.  Cm*  t  cxiii.  f.  152,  p.  25. 

Geohgteai  ponViem.  ^  Zone  of  Am,  cmgulatm.  Cliff,  Eaton 
Gypeum  Pit, 

Lima  glgantea,  Sotj^b^, 

1 8 1  i,  ( PlaffioMttrnta,)    *  M  in.  Can  /  t.  cl  xiTii. 

ie29.  (Plarfiostoma.)     Phillips,    'Gtol  York/ 

1855.  glmpson.     *FoaB.  Y.  L.'  p,  110. 

Syn.     1855.  FUigioetoma  excav<itum,    Simpson,  loe,  eit.  p.  110. 

Geological  position. — Zones  of  ilm.  planorbis,  Cliff[;  Am.  angulatus. 
Cliff,  Redcar,  Staithes  Pit,  Coat  ham  ;  **  Lower  shale  N.  Cliff  and 
Pooklington  "  (Phillips) ;  A.  Bucklandi,  Robin  Hood's  Bay,  Red- 
oar,  and  Marske  Bay,  Sigston,  Ellerbeck ;  A,  oxynotut,  a  juvenile 
example,  in  the  region  of  A,  raricostatua,  Robin  Hood's  Bay. 


Lima  Eucharis,  UOrhigny. 

1850.    *  Prodrome  I.' p.  237. 

I  include  under  this  name  a  shell  most  commonly  met  with  in 
the  main  seam  of  ironstone,  varying  in  shape  from  oval  to  nearly 
droular,  smooth,  or  faintly  striated.  It  resembles  L.  gigantea, 
and  though  no  very  good  character  is  presented,  yet  they  are 
distinguishable.  The  largest  known  specimen  measures  2j^  inches 
in  the  length  of  the  longer  axis,  and  2  inches  in  the  transverse. 
L,  gigantea,  Phillips,  from  the  Marlstone  at  Staithes,  doubtless 
belongs  here. 
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ecological  position, — Zones  of  Am,  Jameaoni^  Hnntcliff,  Coat- 
ham,  and  Easby ;  Am,  margaritatua,  Staithee,  Hnntcliff;  A.  tpina- 
tu9,  Staitbes,  Skinningrove,  Hob  Hill,  Upleatham,  Eston,  and 
Belman  Mines. 

Lima  toarcensis,  DesUmgdumifs. 

1856.    '  BuU.  Soo.  Linn,  de  Nonnandie,'  p.  79. 

A  shell  related  by  its  size  and  aspect  to  L.  gigantea ;  but  our 
specimens  are  not  in  a  sufficiently  good  state  of  preservation  to 
permit  a  critical  comparison. 

Geological  posiiion. — Zone  of  Am,  Jurensis,  Peak. 

Lima  pectinoides,  Sawerhy. 

1816.    (Plagiostoma.)    '  Min.  Oon.*  p.  28,  t.  oxiv.  f.  4. 

**  Depressed,  a  little  oblique,  obovate,  rather  angular  at  the 
beak,  beak  pointed;  surface  with  20  or  more  carinated  ribs, 
transversely  striated." — Sow.  The  interstitial  spaces  are  usually 
occupied  by  a  simple  thread,  which  is  occasionally  compounded 
of  about  3 ;  other  examples  show  no  sign  of  an  intermediate  rib. 

Geological  poiiiion. — Zones  of  Am.  angulatuSj  Cliff,  Eedcar, 
Coatham  (Slake's  Pit),  Eston  (G-ypsum  Pit)  ;  Am.  JBucklandi, 
Bedcar  and  Marske  Bay ;  Am.  oocynohu,  Bobin  Hood  s  Bay 
(lower  and  middle  regions). 

This  shell  is  common  in  the  angukUug-  and  Bucldandi-heda, 

Lima  hettangiensiSi  Terguem. 
1855.    •  Pal.  de  Hettange,'  t.  xxviiL  f.  1,  p.  320. 

This  species  has  a  general  resemblance  to  L.  peeiinoides,  but  is 
more  closely  related  to  L.  duplicata,  Sow.,  from  the  Coralline 
Oolite,  from  which  it  differs  in  the  less  obliquity  of  the  shell. 
It  is  more  inflated  and  oblong  than  L.  pedinoides,  and  the  surface 
of  the  acute  ribs  is  minutely  granulated  by  the  crossing  of 
vertical  and  transverse  striae. 

Geological  position. — Zones  of  Am,  angulatua,  Millington,  Eston 
Gypsum  Pit,  Topcliffe ;  A,  Bucklandi,  Bobin  Hood*s  Bay. 

Limea  acuticosta,  Muruter. 

1836.    Goldfuas.    *  Petref.  Germ.*  t.  cvii.  f.  8,  p.  103. 
Syn.    1829.35,75.    Plagiostoma  pecterwideum.  PhUlipe.  *  Geol.  York.' t  xii. 
f.  13. 
1855.    Plagioiioma  pecietwideum.    Simpson.    *  Fobs.  Y.  L.'  p.  110. 
1855.     Plaghttoma  novemootUUum,  id.  p.  110. 

This  species  has  some  resemblance  to  L.  pedinoides,  but  is  less 
oblique ;  the  ribs  are  about  15  in  number,  subacute,  crossed  by 
waving  threads.     The  ribs  are  acute  in  the  umboiial  reg^ion,  the 
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lateml  areaa  are  ooet-ated*  P.  ptci^noidewn,  Phillips  (Lima 
^alathea^  D*Orb,)  ia  a  east,  and  though  quoted  from  the  Upper 
Lias,  baa  probably  come  from  the  Armatus^  or  Jameiaii i-beds, 
whence  all  the  epecies  quoted  by  that  author  from  calcareous 
noduW.  Tvhicb  I  have  examined,  have  been  obtained.  Bimpfion'a 
exa tuples  are  started  to  belong  to  the  Middle  LiaB,  and  these  1 
have  no  hesitation  in  referring  to  L.  aruticosia.  Hie  P,  novem^ 
emMutn  ifi  a  cast  from  the  ^rma/u*2one,  and  presente  all  the 
oharactera  of  the  nueJeus  of  L.  aeulicosta.  Examples  from  the 
several  horizons  given  bekiw  have  been  examined,  and  are 
proved  to  have  the  hinge  charactei^s  of  the  genua.,  whilst  their 
external  ornament  and  shape  supply  the  specific  ones. 

Geohgiml  position.— Zone^  of  Am*  Jamemmi^  Eobin  Hood'a 
Bay,  Langbargh,  Kiiby  Underdale,  Hnetbwmte,  Teak*  Htintcliff; 
Coatham,  Normanby  Drift,  Wood  End  :  A.  copricomus.  Hunt- 
cliff,  Statthea;  A.  mar^ariiaitig^  Huntcliff,  Staithes,  Hawsker, 
Easing  wold  ;  A,  *p(na/uir,  Hawsker,  Hob  Hill,  U  pleat  bam,  Eaton 
Mines,  (tc,  in  K,  Cleveland  ;  A*  anntdaim^  Grosmont,  Kutton, 
Upleatham  district,  and  S.  of  Whitby. 

A  common  fossil  throughout  the  Middle  Liaa. 

Llrnea  JullaBa,  Xhitmrtier, 

1869,    '  DepiMfl  Jurasuiqu^.'  vol  iii.  t.  sxxlv.  ft.  7,  8,  p.  2^. 

I  refer  to  this  species  a  Limea,  resembling  L*  pedinoidea.  It 
has  about  20  subacute  ribs,  interspaces  usually  occupied  by  a 
thread ;  transversely  striated ;  lateral  areas  without  coetie,  or 
only  faintly  striated  ;  boiiks  acute,  arched. 

Large  oasts,  presumably  of  this  species,  measure  14  inch  in 
the  length  of  the  longer  axis. 

Geolgkal  position. — Zones  of  A.  irptnato,  Main  Seam,  Hob 
Hill,  llpleathara,  and  Hutton  Mines  (12  6xs.);  A.  Jameaoni, 
Robin  Hood's  Bay  (3  exs,). 

Limea  Blakeana,  Tale. 
PI.  XIV.,  fig.  5. 

Syn.     1872.     Cardium  profundum.    Blake.     *  Quart.  Jour.  Geol.  Soc' 
vol.  xxviii.  p.  143. 

Shell  ovate,  convex,  nearly  equilateral,  hinge-line  straight, 
short,  ornamented  with  about  20  subacute  ribs,  transversely 
striated;  interspaces  narrow,  with  or  without  a  rib;  lateral 
areas  costated. 

Most  of  the  examples  show  a  light-coloured  band  bordering 
the  margin.  Its  more  numerous  ribs  separate  it  from  L.  acuti- 
coata.  If  my  interpretation  of  the  internal  characters  of  Cardium 
profundum,  so  named  by  my  coadjutor,  be  correct,  then  it  may 
belong  to  this  species,  as  it  presents  externally  a  like  orna- 
ment ;  the  hinge  is,  however,  incomplete,  and  the  specimen 
minute. 
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Geological  position. — Zones  of  Am.  angtdatus,  Redcar  (2  exa.). 
Cliff  (1  ex.) ;  A.  Bucklandi,  Redcar  (7  exs.). 

Plicatula  Hasina,  Terquem. 

1855.    Spondylui  lUuinui.    Terquem.    *  PaL  de  Hettange,'  t  xxiii.  f.  7, 

p.  327. 
1865.    PUeattda  liatina.    Terquem  and  Piette.    'Lias  inf.'  &o.  t  xiii. 

fs.  11-13,  p.  107. 

Left  valve  ovate-oblong,  attached  by  a  more  or  less  broad 
surface,  with  the  front  elevated ;  ornamented  by  nnmerous 
slender,  rounded,  and  serrated  dichotomous  ribs,  with  linear 
interspaces,  transversely  wrinkled  ;  interior  surface  with  dicho- 
tomous ribs  widely  separated. 

Right  valve  flat  or  concave,  smooth  in  the  umbonal  region, 
outwardly  lamellose,  and  radially  striated.  Interior  ornamented 
with  distant  dichotomous  ribs,  crowded  around  the  outer  margin ; 
hinge  with  two  small  teeth,  parallel  with  the  hinge  line. 

The  similarity  of  internal  ornament  presented  by  this  species 
and  the  Rhsatic  Ostrea  iniuBstriata  is  no  proof  of  specific  identity, 
and  the  figures  and  descriptions  of  typical  examples  of  the  latter 
do  not  serve  for  critical  comparison. 

OeologiecU  position. — Zones  of  Am.  angulattu  and  A.  BucJdandi 
(lower  part),  Redcar.  Exceedingly  abundant  in  the  lower 
zone.     Am.  Angulatus,  Millington. 

Plicatula  spinosa,  Sowerby. 

1819.  Sowerby.    •  Min.  Con.'  t.  ccxlv.  fs.  1-4. 

1828.  Younj?  and  Bird.    *Geol.  Survey,*  p.  229,  t.  ix.  p.  6. 

1829.  Phillipa.    *Geol.  York.  Coaat,'  t.  xiv.  f.  16. 
1855.  Simpson.    *  Fosa.  Y.  L.'  p.  111. 

OeologiecU  position. — Zones  of  Am.  Jamesoni  (universally  abun- 
dant), Peak,  Robin  flood's  Bay,  Rockcliff,  Huntcliff,  and  Coatham 
on  the  coast,  Wood  End,  and  Easby,  near  Ayton,  Osborne  Rush 
Pit,  Upsall ;  A.  capricornus,  Staithes,  Huntcliff  (rai^) ;  A.  spintUus, 
main  seam  of  ironstone,  Eston,  &o.  (possibly  this  species). 

Plicatula  calvai  Deslongchamps. 

1858.     Harpaz  calvus.    '  Plioatnles  Fobb.'  t.  xii.  fs.  10-13,  p.  57. 
Syn.     1855.     Placuna  femtginea.    Simpson.    *Fos8.  Y.  L.' p.  110. 

The  type  of  P.  ferruginea  (Simpson)  shows  only  the  interior 
aspect  of  a  very  large  PUeattda,  which,  though  somewhat  larger 
than  the  usual  sized  specimens  of  P.  cait>a,  yet  is  probably  that 
Kpecies. 

Geological  position. — Zones  of  Am.  spinatus,  in  the  shale  below 
the  main  seam  of  ironstone,  where  it  is  abundant.  Eston,  Up- 
leatham.  Hob  Hill,  and  Belman  Mines,  Staithes,  Hawsker.    A 
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vcthit  (Var.  fi  Sow.),  A.  UoBehuriemis  (Y,  ai^d  B.),  A  ntmemcoMict 
(Brown )»  and  A.  SinemuriensiB  (D'OrK),  which  are  all  ijnonyniic 
names. 

The  transverse  mar  kings  on  the  left  yalve  are  usually  fine, 
and  c^on fined  to  the  umbonal  region,  hot  specimens  are  not  want- 
ing in  which  the  whole  gurface  is  cant*elmted  ;  these  agree  with 
A^  aeuticonUB^  Terq.  and  Piette,  and  have  heen  obtained  from 
the  Bitcklandi'  and  ifphuilus-hedfi.  Aaaooiated  with  them  in  the 
latter  set  of  strata  are  others  with  a  transverselj- wrinkled  ot 
goal  J  exterior,  ihe  rib^  numbering  14  in  some,  and  3D  iu  othera; 
the  Utter  may  have  ijlaims  to  specific  distinction.  With  regard 
to  the  number  of  priiiiary  ribs,  they  rarely  fall  below  14,  though 
Hfi  few  as  10  liave  been  observed*  In  the  Upper  IJas  specimens 
they  vary  from  15  to  24 1  ihoae  with  the  lower  number  agroo 
with  Yoiin[^  Mnd  Bird*s  A,  a^ewc^m. 

Geclogicai  position. —  Zones  of  ATnmondm  JBucklttndi^  liedcar ; 
A.  Qsx^nottiB,  Kttbin  Hood*s  Bay,  High  Stone,  Redcar ;  A.Jame^anu 
Robin  Hocid^s  Bay,  HuDteliflt  CoiUhaiti,  and  Easby ;  A.  oopri- 
cornuti,  Himtcliff,  Stiiithes  ;  A.  KnargaritatitM,  Huntcliff,  Rock- 
oliff»  StJiithes,  RosebL^rry,  Stokesley  Hiil«,  Danbydale,  Raisdale^ 
&C.J  Thormanby  ;  A,  igsina^iw.  Button,  E^ton.  Upleathara :  A.  annu- 
latm,  Skelton  Park  i*jt ;  Am.  communis^  V\  hitby,  Skelton  Park 
Pit;  Am.jurenms^  Peak. 

The  species  is  abundant  in  the  middle  and  upper  parts  of  the 
Buektandi-^one,  in  the  oyster  and  shell  bands  in  the  caprkomu9- 
and  mor^oritafit^-beds  ^  and  is  moderately  common  in  the 
juremM-xone.  The  largest  example^s  have  been  collected  in 
the  JamcJtoni-hGds  at  Easby,  in  the  eapri^ornus  and  margariU^ 
fiw-beds  on  the  coast,  and  in  the  jut^imt-series  at  Peak  ;  they 
measure  2i  inches  in  diameter. 

Monotis  papyria,  Quenstedt, 

1858.     *  Jura/  t.  xiii.  fs.  31  and  32,  p.  109. 

Oeological  position. — Zones  of  A,  Bucklandij  Redcar ;  A. 
gpinatus^  Skelton  Purk  Pit,  Hob  Hill,  in  shale  below  ironstone  ; 
A.  annulatus,  Staitbes. 

Monotis  substriatus,  Miinster. 

1831.    Brauns's  '  Jahrbucb,'  p.  406. 
1886.     Goldfuss,  *  Petref.  Genn.'  t.  cxx.  f.  7,  p.  138. 
Syn.     1855.     Avieulaminima.A.  niteioens,  A.tumidnlus^A.cretcens.   SimpeoD. 
*Fofl8.  Y.  L.'p.  112. 

1828.  A.  erescenSf  pars.     Young  and  Bird,  p.  237. 

1829.  Avicula  (of.)  eekinaia.     Phillips.     *  Geol.  York.* 

A,  crescens,  Young  and  Bird,  as  figured  by  them,  belongs  to  A. 
incBquivaltns^  but  they  included  therewith  shells  having  50  or  60 
slender  ribs ;  these  Sirap.son  has  called  A.  crescena,  but  they  are 
large  examples  of  Monotis  suhsiriatus  with  numerous  coarse  ribs. 
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Geological  position.— ZoueB  of  Am,  nnnatus,  Upleatham  (1  ex.)  ; 
Am.  gerperUinua,  Saltwick  (Simpson),  Skelton  Park  Pit,  &o. 
(common^ ;  Am.  communis,  Loftnouse  and  Boulby,  Whitby,  Ac. 
(common) ;  Am.  jurensis,  Peak  (abundant)  and  Inferior  Oolite, 
Blea  Wyke. 

Cassianella  contorta,  Portlock, 

1843.    Avieula  oontorta.    *  Gleol.  Londonderry,'  t.  xxv.  f.  16,  p.  126. 

This  well-known  EbsBtio  fossil  is  quoted  as  a  Cassianella  on 
the  authority  of  Brauns  (*  Der.  Unt.  Jura,*  p.  37,  1871). 

Geological  position. — Rbaetic  Beds,  Eston  Gypsum  Pit  (Mr.  Q. 
Lee),  near  Northallerton,  a  well-sinking  Hill-top  near  Thornton- 
le-Beaos,  and  Howsham. 

Posidonomya  Bronni,  VoUz. 

1833.  Zieten.    *  Veret.  Wurt.*  t.  Ivii.  f.  4. 

1834.  Goldftuw.    *Petref.  Germ.'tcxiii.  f.  7. 

First  recorded  as  a  Yorkshire  shell  by  Oppel  in  1866. 
Geological  position. — Zone  of  Ammonites  serpentinus,  Saltwick, 
Whitby,  East  Amcliffe,  Glaizedale,  Alum  Works,  Osmotherley. 

G^rvillia  aerosa,  Simpson. 

PI.  XIV.  fig.  6. 

1855.    *  Fo68il8  of  the  Yorkshire  Lias,'  p.  111. 

**  Very  oblique,  wing  large,  beaks  obtuse,  many  undulations 
or  marks  of  growth."  Length  of  oblique  axis  li  inch,  height 
1^  inch,  length  of  hinge  1  inch,  are  the  dimensions  of  the 
largest  specimen. 

Intermediate  in  form  between  G.  Icevis,  Buckman,  and  O. 
betacalcis,  QueuBtedt,  but  having  greater  resemblance  to  the  latter. 

Geological  position. — Zones  of  Am.  Jamesoni,  Robin  Hood's  Bay ; 
Am.  capricomus  (common  in  the  oyster  bands),  Staithes,  Hum- 
mersea  ;  A.  margaritatus,  in  the  sandstones  not  rare,  Huntoliff. 

Gervillia  Hagenovii,  Bunker. 

1847.    '  Lias  von  Halberstadt,  Palssontographica  I.'  i.  vi.  fs.  9-11,  p.  37. 

Geological  position. — Zones  of  Am.  Bucklandi  (upper  beds), 
Redoar  and  Marske  Bay  ;  A.  oxynotus.  High  Stones  Redcar. 

Perna  infraliassica,  Quemtedt. 

1858.    *  Der  Jura,'  p.  48,  t.  iv.  f.  19. 

Geological  position. — Zones  of  Am.  angulatus,  Cliflf,  Redoar ; 
Am.  Bucklandi.  Redcar. 


ism.     *  D4j^.  Jut/  vol.  HI  p.  297, 1.  xixvl  fs,  1,2. 
1867.  ?  P(*mo  antiqua.     Moore.     'Mid,  and  Up,  Lias,'  p.  \02. 
Ig22.     Pema  qttadmkt  {SowA?     Youug  &nd   Bird.    *OeoL  Bur/  p. 
221. 

A  Pema  obtained  by  Mr.  C  Hipp^ti  from  the  shale  at  the 
bafie  of  the  ironatoB^  Ktfaiu  at  Hob  Hiil  ma>  tafely  bti  referr^  tri 
Dumortier^fi  Bpecies;  tbiB  raie  example  In  ljowev€yr  only  2i 
incbei  long  find  1^  in  breadth.  From  the  ourt  descriptiun  and 
in  the  absence  of  a  fipare  of  P.  anitqua  it  would  be  liazardom^  to 
unite  therewith  P.  iugdun^nni^.  Yooog  and  Bird  notice:  **  A 
large  shell,  apparency  Pema  quadrata,  Sow-»  occurs  iu  tho  iron- 
stone of  the  Kettleneaa  beds/'  which  is  probably  the  present 
specie*.  A  good  t4()et^inien  of  this  species  is  also  in  the  Bean 
Collection  in  the  British  MuB«nm. 


Inoceramus  Slmpsonii  Spec,  nem, 

ri.  XVL,  %  10. 
Sjn.    1835.    QentUia  ru^ata.    Simpson,  £ik^.  «^,  p.  111. 

Snbquadrate,  depressed,  thin,  umbo  aout^^  approximatQly 
terminal ;  cardinal  lino  straight  or  moderately  oblique ;  anterior 
mai^n  eubsinuous,  posterior  slightly  arched  or  nearly  straight ; 
Burfeoe  omametited  hy  couoentric  imbricating  Lamellae  tmd  folds, 
and  by  radial  plioations  and  striee. 

The  shell  varies  in  the  amount  of  obliquity  of  the  hinge  line 
and  in  the  strength  of  the  radial  plic» ;  in  some  specimens  the 
latter  are  thick,  and  by  the  interruption  of  the  concentric  folds^ 
a  nodulose  ornamentation  is  produced. 

On  account  of  its  thin  test  and  imbricating  lamellae,  cha- 
racters in  common  with  Inoceramw  duhius,  I  place  this  species 
in  the  same  genus,  despite  its  Pema-like  form. 

The  only  liassic  Aviculid  which  approaches  the  present 
species  in  style  of  ornament  is  Avicula  imhricata,  Moore,  but 
with  which  it  does  not  agree  in  shape,  whether  the  two  be  conge- 
neric or  not 

Dimensions, — Length  of  hinge  line  '55  inch,  length  of  oblique 
axis  through  the  umbo  1  inch. 

Geological  position. — 2i0ne  of  Am,  serpentinus,  Whitby  (about  50 
examples  on  a  single  slab,  Whitby  Museum,  also  in  Scarborough 
Museum). 

This  species  is  dedicated  to  Mr.  Martin  Simpson,  to  whose 
valuable  contributions  to  the  liassic  paleontology  of  the  York- 
shire coast  frequent  reference  has  been  already  made. 
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Inoceramus  pinnaeformis,  Dufdcer. 

1848.    GtrvUliapinfiMfformis.    *  Palanontographica  I.'  t.  xxv.  fa.  10,  11, 
p.  179. 
Syn.     1858.    Mytilus  psilonoti.    Quenstedt    « Jura,'  i  iv.  f.  14,  p.  48. 

Geological  position. — 2jone  of  Am.  Bucklandi,  Bedcar,  Robin 
Hood's  Bay. 

Inoceramus  ventricosus,  Sowerhy. 

1823.     Crenatula  ventricosa.    Sowerby.    *  Min.  Con/  t.  ococxliii. 
1828.    Young  and  Bird,  loe.  eit  p.  228. 
1855.    Simpson.    ♦  Foes.  Y.  L.'  p.  111. 

First  recorded  as  a  Yorkshire  fossil  by  Young  and  Bird  as 
occurring  in  the  hard  bands  on  the  shore,  and  subsequently 
confirmed  by  Phillips. 

Geological  position. — Zones  of  A.  armatus,  Bobin  Hood's  Bay ; 
A.  capricomus,  Huntcliff,  Staithes,  and  Hawsker. 

Inoceramus  substrlatus,  M&nsier. 

1836.    GoldfoM.    *  Petref.  Germ.  II.'  t  cix.  f.  2. 

Geological  position. — Zones  of  A.  eapricomus,  Huntoliff ;  Am. 
annulatus.  Button  and  Grosmont  (doubtful  identifications) ; 
Am.  margaritatus,  Staithes  (very  rare);  A.  spinatuSf  Hawsker, 
Kettleness,  Eston,  Hob  Hill,  and  Belman  Mines  (several 
examples). 

Inoceramus  dubius,  Sowerby. 

1823.  Sowerby.    *Min.  Con.*  t.  dlxxxiv.  f.  3. 

1829.  Phillips.    '  Geol.  York.*  t  xii.  f.  14. 

1855.  Simpson.    •Foss.  Y.  L.'  p.  111. 

Syn.     1855.  Oetrea  SaUvieiengis.    Simpson,  loc.  cit.  p.  106. 

The  figured  specimen  of  this  species  Sowerby  obtained  from 
the  neighbourhood  of  Whitby ;  it  is  in  the  condition  of  a  thin, 
hhelly  film,  in  which  it  more  commonly  occurs,  constituting 
extensive  layers  between  the  partings  of  the  Jet  Bock.  A  oast 
of  the  same  has  been  described  by  Simpson  as  an  Ostrea.  Speci- 
mens retaining  their  original  form  may  be  obtained  from  the 
doggers  in  the  same  bed ;  one  in  this  state  of  preservation  has 
been  figured  by  Phillips  as  a  variety.  Young  and  Bird  con- 
founded it  with  Mytilus  edulis,  but  their  figure  (t.  vii.  fig.  3)  well 
represents  the  fossil. 

Some  authors  have  endeavoured  to  prove  that  Inoceramus 
dubius.  Sow.,  is  identical  with  Mytilus  gryphoides,  Schloth.,  but  of 
the  generic  position  of  Sowerby's  shell  there  cannot  be  a  doubt ; 
I  have  now  before  me  a  specimen,  the  interior  of  which  presents 
8  ligamental  sockets,  and  another,  the  thick  test  of  which  is 
clearly  prismatic. 

Geological  position. — Zone  of  Ammonites  serpenlinus.     Passim. 


376  PALiEDNTOLOGY* 

Inoceramus  cinctus,  Muvui^. 

1S3@.     Go]dfus«.    'Peti«f  Germ/  t.  cxv.  f.  S,  p.  ltd. 
iSSti,     Oppel     *  Die  Jumfoitn/ p.  261. 

Recorded  hy  Oppel  from  the  Alum  Shale  of  Whitby.  I  have 
eitamples  frum  the  upper  part  of  the  same  honzon  at  Lofthouse 
Alum  Works* 

Pinna  Hartmanni,  ZieieiL 

ISm    *  Verat.  WOrt*  t.  It.  f  5. 
gys.     1372.     Pinna  semietrmia.    Blake.    '  QuArt  Joiii'.  OeoL  So&'  vol,  xscrlEL 

p.  H3. 

A  nearly  coniplete  upeciinen  from  the  Re  dear  Scare  haa  & 
Lenf^h  of  7 J  inches,  and  a  width  of  4^. 

Geological  podiifm. — Z(.imes  of  Am.  angtdatut.  Cliff,  SUke*s  Pit, 
Coatham ;  A.  Bucklandi^  Kedoar  and  ilarske  Bay ;  A,  txvifnoiut^ 
Wgh  Stones  Kedcar, 

Pinna  folium]  fmnff  and  Bird. 

182a.  *  Geo!.  Surv  York.  OncBV  t-  ^  f  6^ 

182&.  Philiipa.     *GeoL  York/  t.  xiv.  t  17. 

1855,  8lmp843Ti.     *  Posft.  Y.  L,'  p.  113. 

Syn,     1855.  P^nm  qwidtaU.     Simp84in,  I'w  o*.  p.  113. 

Qmlogical  ^^iiitm.-^  Topmost  beds  of  A,  oecpioiuj,  Robin  Hood'g 
Bay ;  eub  »one  of  Am^  atmaiu^^  Robin  Hood's  Bay  and  Warter, 
MoBt  abundant  in  the  Janie*f^*-Beds,  Eobin  Hood'**  Bay,  Peak, 
Rockcliflf,  Huntoliff*  Coatham,  Eaaby,  Wood  End,  Bilsdale,  (fee. 

Pinna  spathulata^  Spec,  mm, 
PI.  XIV.,  fig.  2. 

Shell  pyramidal,  compressed ;  valves  ovate,  lanceolate,  at- 
tenuated towards  the  apex,  height  twice  the  width,  regularly 
oonvex  on  the  sides  with  depressed  margins,  ornamented  by  a 
few  radial  line^  and  strong  ridges  of  growth.  Height  8  inches, 
width  4  inches. 

Oeohgical  jxmtion. — Casts  of  this  species  are  not  rare  in  the 
main  seam  of  ironstone ;  a  few  imperfect  specimens  with  the 
test  are  known.  Eston,  Upleatham,  Hob  Hill,  Hutton  and 
Belman  Mines,  Hawsker  (Whitby  Mus.).  Zone  of  A,  annulatua, 
Boosbeck,  Hob  Hill,  Skelton  Park.  (Impression  only,  probably 
of  this  species.) 

Mytilus  aviothensis,  Buvignier. 

1852.    '  G^l.  de  la  Meuse,*  Ao.  t.  xvi  fB.  85-37,  p.  21. 
The  oast  shows  many  close-set  radial  lines. 
Geological   pontion, — Zone   of  Am,    9pinatu$y   Belman    Mines, 
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Ouisbro*  (Mr.  T.  Allison),  Challoner  Mines  (Mr.  G.  Lee),  Eaton 
Mines  (12  exs.). 

Modiola  ininima,  Sowerhy. 

1818.    *Miii.Con.'toox.f8.  5-7. 

Geological  position, — BhtBtie  Beds,  Eston  Gypnum  Pit,  and 
zone  of  Am,  planorhis,  Hotham,  Leavening,  Cliff,  near  North- 
allerton, Eston  Gypsum  Pit. 

Modiola  laevls,  Sowerhy, 
1816.    'Mm.  Con.'tviii,f.  4. 

1  regard  this  as  a  distinct  from  M.  minima,  with  whioh  it  is 
associated  in  the  White  Lias  at  Westbury  on  Severn ;  it  is  an 
elongated  shell,  slightly  curved,  and  of  a  sub-triangular  shape, 
with  small  umbos,  whilst  M,  minima  is  reniform,  with  inflated 
umbos,  and  a  broad  anterior  area.  It  may  be  the  young  of  itf. 
HillanoideB,  but  surely  not  of  M,  HiUana^  as  suggested  by  Brauns. 
It  makes  an  approach  to  itf.  niHdula,  Dunk.,  but  is  not  so  slender. 

Geological  position, — 2iOnes  of  Am,  planorhis.  Cliff;  A.  angu- 
latus.  Cliff,  Siake*s  Pit,  and  well  sinking,  Coatham,  Redcar; 
A,  Bucklandi,  Bedcar,  Robin  Hood's  Bay ;  A,  oxynotus  f  Robin 
Hood's  Bay  (Whitby  Mus.). 

Modiola  HUlana^:8owerhy. 

1818.    «Min.  Con.*  t.  oczii  f.  2. 

Geological  position. — 2iOne  of  Am,  angulatus,  Millington,  one 
example,  which  a^ees  with  M,  glabrata,  Dunker,  and  is  doubtless 
a  young  shell  of  M.  Hillana, 

Modiola  Hillanoides,  Chapuis  and  Dewalque. 

1853.    Mytaua  HiUanoides.  *  Terr.  Seo.  du  Luzem.'  i  xxy.  f.  3,  p.  185. 
1858.     Modiola  pnUmoti.    Qneenstedf  8  *  Jura,'  t  iy.  fig.  13. 

I  apply  Chapuis  and  Dewalqpe's  name  to  a  itfoaio2a,  occurring 
very  generally  in  the  lower  beds  of  the  Lower  Lias;  in  Eng- 
land it  is  more  frequently  named  itf.  RiUana^  whilst  it  is  dis- 
tinguishable  from  itf.  scalprum  by  its  shorter  and  straighter  form. 

Geological  position,— TiOTue^  of  Am,  angulatus,  Eston  Gypsum 
Pit,  Redcar ;  Am,  Bucklandi,  Redcar. 

Modiola  scalprum,  Sowerhy, 

1821.  Sowerby.    *  Min.  Con.*  t.  ocxlviil.  C  Z 

1829.  PhilliDB.    «Geol.  ofYork-'t.  xiv.  f.  2. 

Syn.     1828.  Moduia  nliqua.    Young  and  Bird,  p.  222,  t.  vii.  f.  1. 

1855.  Modiola  nliqua  and  cwrvata,    Simpeon.    'Fobs.  Y.  L.'  p.  117. 

Sowerby  first  gave  the  name  of  itf.  cuneaia  to  this  species,  but 


after wardti  changed  it  to  that  wbich  it  tiuw  bfj^trs.  Young  aud 
Bird  considered  that  M.  9iU<pia  was  a  more  appropirate  name, 
from  ite  striking  resemblance  to  a  large  pod,  Jf,  w'it^fia,  Simp- 
iiotij  Is  a  BmaU^  slender,  curved  aheil ;  and  his  M.  curvuta  m 
liimilar,  but  cf  larger  growth,  both  of  whioli  come  from  the 
o^rjffwrftw-beds  in  Robin  Hood's  Bay. 

GeoUnjical  p^mli&n^ — Zonea  of  A  m.  axynofns.  Bob  in  Hood's  Bay  ; 
A,  JafHc4k>ni,  Hobin  Hood's  Bay,  Coatham,  High  Stones  Radcar; 
A*  capricomtm^  Stiiithetf^  Hummemea^  Huntoliff^  ^bin  Hood'# 
Bay  ^  A.  mar^aritaiu^,  Iluntcliffj  A.  ^naivs^  Hoh  Hill,  Eston^ 
Belm^D  and  Huiton  Mines  (rave);  A*  txnnulatuSf  Whitby 
(doubtful), 

Modiola  numlsmalis,  Oj^td, 

1853.    *  Mittlere  Lisfi  Sohw&b^Qs,'  &c..,  t,  iv.  t  17,  p.  fla 
1869,     Dumortit^r.     *  Depots  JiiniaBiqueB*'  vol.  iti.  j>.  12^t.  xii.  f»,  8-9, 
l^yn.     1865.     MoiUoiux  pi^gftuvti^,     E^impacm.     *  Fo«j*.  Y.  1^/ p.  119, 

This  is  au  elongated  tsheli,  oomprcHsed,  aruhed  posteriori}', 
with  a  nearly  straight  margin ;  siirfaoe  nearly  smooth »  by 
which  it  is  separable  from  M.  ^ealprum, 

<j?fi?fogr*ca/ potiiiVm,— Zones  of  Am.  Jame^oni,  Kirby  Underdale, 
Langbargh,  V\'ftrt4?r,  Hunteliff  and  C  oath  am,  Bobin  Hood's  Bay ; 
A^  capricornm.  Haw sker,  HuntclifiF*  Specimens  horn  the  fom- 
going  localities  aro  casts  or  cnishod  ;  the  identifications  are 
doubtful*  A.  marQarilahts,  Staithcs ;  A^  »pinaifts,  Grosmont, 
Upleatbam,  Estoo,  Hob  Hill  and  Belnmn  Mines;  A,  annulntUA, 
Skelton  Park  Pit,  ncFir  Whitby  (Wliitby  Mu«.), 

Modiola  Thiolllereij  Duttwrtier. 

1869.    Mytilw.    *  Dep.  Jur.*  Pt.  III.  p.  284,  t.  xxxiv.  f».  5  and  6. 

According  to  Brauns,  M.  Thiollterei  is  identical  with  M. 
elongata,  Koch  and  Dunker.  It  may  be  so,  but  the  drawing  of 
it  does  not  justify  such  an  opinion.  The  specific  name  M. 
Kochii,  D'Orb.,  should  be  used,  as  there  is  a  Modiola  elongata  of 
earlier  date. 

Oeological  position, — Zones  of  Am.  capricomus,  Huntcliff ;  A. 
margarit€Uu8,  Huntcliff;  A.  spinatus,  Hutton  near  Guisbn)'.  An 
example  from  each  horizon. 

Modiola  subcancellata,  Buvignier. 

n.  xiiL,  fig.  1. 

18.52.     *Geol.  Meusc,*  p.  21,  t.  xvii.  ftj.  17-10. 
Syn.     1855.     Modiolm  paUidu9.     Simpson.     *Fo«i8.  Y.  L.'  p.  119  (non  Sow.). 
1867.     Modiola  ornata.   Moore.   *  Up.  and  Mid.  Lias,' p.  101,  t.  vii.  f.  7. 

(non  Gcild.). 
1869.     Mylilm  Moorei.    Dumortier.   *Dep.  Jur.'  iii.  I.  xxxv.  f.  1.  p  288. 

Geological  position, — Zone   of  Am,    margaritatus  (lower  part), 
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HuntclifT,   Huuimersea,  Bockcliff,   Staithes,   GrosmoDt  (in  the 
bottom  seam  of  ironstone). 

Modiola  bifasciatai  Spec,  nov. 
PL  XL,  ^g.  3. 

Shell  small,  intermediate  in  shape,  between  itf.  minima.  Sow., 
and  M.  Icsvis,  Sow. ;  surface  ornamented  with  imbricating  mgae 
of  growth  and  radial  plio89  on  the  posterior  area.  The  radial 
ornament  is  obsolete  in  some  specimens,  whilst  the  concentric 
folds  are  stronger  in  the  same  than  in  those  which  possess  the 
posterior  plications. 

Geological  position-  —  Zone  of  Am,  Bucklandi,  Bedcar  (10 
examples). 

Macrodon  hettangiensiSi  Terquem. 

1855.    (CttcttZ/«a.)    *Pal.  de  Hettange,'  t.  xxi.  f.  3. 
Syn.    1861.    Area  Lyoetti.  Moore.  *  Quart.  Jour.  Geol.  Soc.*  vol.  xvii.  t.  xvi. 
f.  7,  p.  501. 

Geological  position. — Zones  of  Am,  planorbis.  Cliff,  near  North- 
allerton, Eston  Gypsum  Pit ;  Am.  angulatus^  Bedcar,  Eston  Pit, 
Cliff;  Am,  Bucklandi^  Redcar  and  Marske  Bay?  Bobin  Hood's 
Bay. 

Macrodon  naviculus,  Terquem  and  Piette, 

1865.     CuniUiBa  navicula.   '  Lias  inf.  de  TEst  de  la  France,'  t.  xi.  fs.  16-17, 
p.  91. 

Geological  position. — Zone  of  Am.  angulatus.  Cliff;  and  Am, 
Bucklandi,  Bedcar  and  Marske  Bay ;  A.  oxynotus,  Bobin  Hood's 
Bay  (1  ex.  doubtful). 

Macrodon  pullus,  Terquem, 
1855.    (Area.)    *  PaL  de  Hettange,' t.  xxi.  f.  1,  p.  307. 

Geological  position. — Zones  of  Am.  angulatus  and  A.  Bucklandi, 
Bedcar. 

Macrodon  Buckmani,  Bichardson. 

1845.     Area  Buckmani.    Murchi8on*8  *  Geol.  Cheltenham,' t.  x.  f.  5,  p.  96. 

Geological  j)osition, — Zones  of  Am.  margaritatm,  llionnanby 
(1  ex.)  ;  Am,  spinatus,  Eston  and  Hob  Hiil  Mines  (4  exs.). 

All  our  ironstone  specimens  are  exceedingly  small,  the  largest 
"^^jths  of  an  inch  only  in  length. 
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Macrodon  Intermedlus,  l^mp»&9k 

C«<ruZtTa  ctfCTiMaift.    Portlook*    '  GeoK  liondonderry,'  p.  120. 
Cuctilb^a  incnm^aUt^  ^stpanm,  etujtid^Ua,  Simpsoa.   •  Fose.  Y,  L* 

pp.  113,  114. 
CuoilUna  GmngeH.    Tuta.    *Iri*h  t.ks.  Fos»/  p.  Ifl.  I.  i.  f.  12, 
Arm  RUmimnali^,    Tate.    *  Qojift.  Jcmr.  Oeol.  Soc."  voL  xxri, 

t  ixsi.  r.  3. 

If  I  read  aright  Goldfusji'a  description  and  figure  of  Cue. 
MunMeri  (Zie ten's  figure  repaeseots  a  cast)  and  oorrectlj  inter- 
pret  tli6  bingo  cbaratiters  of  our  common  Middle  Lias  Ark-Bhell, 
tlien  18  it  a  distiuct  species,  having  a  closer  agreement  with 
Jf.  (^Afca)  lia»ina^  Horn.  According  to  Branns  the  former  ia  a 
true  OucuUaia,  whilst  the  latter  \&  a  Macrodon,  as  i-^  our  ebelh  lt« 
nearest  all j  in  shape  and  ornament  ia  C.  cancdlntmy  Fhillipa,  as 
pointed  out  by  Simpson.  It  exhibits  some  Turiation  in  shape 
and  in  the  poaition  of  the  umbos.  Simpson's  descTipticn  of  his 
€,  inierTnedia  ia  applicable  to  the  majority  of  specimens,  but  a 
comhi nation  of  the  characters  given  for  0.  intermedia  and 
C.  incTOssata,  fullj  describes  the  Bpecie».  My  C.  Grangeri  is 
identical  with  it,  and  my  Area  HUmiBmati*  is  the  young  of  the 
»ame.  C  ea:paTtm  and  C*  cu^tdata,  Simi>flon,  are  casta  conjee - 
turally  of  thfs  shell,  aQd  the  arncoth  CuadlmM,  mentioned  by 
Phillips,  may  possibly  be  the  same, 

M.  tntennediuB  h  widely  distributed  in'  England  ^ Moore 
names  it  C  hilineata\  whilst  the  C,  Mumten  with  which  it  iti 
confounded  fieems  to  be  rare.  1  know  few  examples  cumparahle 
with  this.  The  shell  ovate,  rhomboidal  ventrioose*  refunded  in 
front-  and  obliquely  truncated  or  alight)}^  rounded  behind ; 
hlu*tly  or  sharply  keeled  from  the  umte  to  the  posterior  angle ; 
niiibones  usually  post-medial,  promiTient,  high,  and  incurved, 
snb-approximate.  Surface  cancellated  by  very  numerous  and 
fine  concentric  and  radiating  strieB.  The  long  posterior  teeth 
are  minutely  denticulated  on  the  sides,  as  in  other  Macrodons^ 
which  I  have  examined.  Very  young  shells  are  oblong  and 
inflated,  without  a  keel,  but  radially  impressed  ;  ornamented  by 
concentric  and  a  few  distant  prominent  radial  ribs. 

The  species  varies  in  the  position  of  the  umbones,  in  the  shape 
of  the  posterior  area  and  strength  of  the  keel. 

Dimensions  of  largest  specimen : — Length  -j^ths  inch,  breadth 
l^ths  inch.  This  the  shell  that  we  have  called  Cucullcea 
Miimteri  in  Part  I. 

Oeologkal  position, — Zones  of  A,  Jamesoni,  Robin  Hood's  Bay, 
Huntcliflf,  Coatham,  Easby,  Garrowby  ;  Am,  capricomus,  Hunt- 
cliff  ;  Am,  margariiatm  (upper  part),  Staithes  ;  Am.  spinatuSy  a 
very  characteristic  shell.  Eston,  Upleatham,  Kettleness,  Gros- 
mont,  Bransdale,  Hawsker;  Am.  annulatuSy  Hob  Hill,  Grosmont. 
Spa  Wood,  Guisbro',  Skelton  Park  Pit. 


LAMELLIBRAKCHIATA.  381 

Macrodon  pulchellus,  Spec.  tmv. 
PI.  XIII,,  fig.  2. 

Shell  trapezoidal ;  beaks  a  little  in  front  of  the  median  line, 
elevated,  unb-acute,  and  approximate ;  anterior  margin  rounded, 
posterior  sharply  truncated,  front  slightly  arched  or  nearly 
straight.  A  strong,  serrated  keel  proceeds  from  the  umbo  to 
the  posterior  angle,  forming  a  sub-concave  triangular  area 
behind.  Whole  surface  ornamented  by  numerous  radial  cos- 
tulsB  and  by  concentric  strias,  the  latter  producing  spinous  ser- 
rations on  the  sharp  keel. 

Dimensions :  length  ^th  inch,  breadth  f^^^ths  inch. 

Geological  position, — Zone  of  Am,  Jamesoni,  Kirby  Underdale 
(2  exB.).  Mr.  J.  Slatter  has  collected  several  specimens  from 
the  Jamesoni-beds  at  Aston  Magna,  Gloucestershire. 

This  species  is  obviously  distinct  from  the  young  of  M, 
intermedius,  and  differs  from  M.  puUus  in  its  strong  keel,  and  in 
the  absence  of  a  medial  sinus. 

Macrodon  clevelandicus,  l^f)ee.  nov, 
PI.  XI.,  fig.  6. 

Shell  ovate-trapezoidal,  veutrioose,  umbones  slightly  post- 
medial,  large,  elevated,  approximate,  incurved  and  directed 
forwards ;  anterior  extremity  rounded,  posterior  bluntly  keeled, 
posterior  area  very  narrow,  sub-concave ;  front  margin  gently 
curving  ;  surface  ornamented  with  concentric  furrows  and  lines 
of  growth.  The  anterior  area  'shows  fieiint  indications  of  radial 
lines. 

Dimensions  :  length  2^  inches,  breadth  3^  inches. 

This  shell  may  possibly  be  an  aged  example  of  itf.  intermediua^ 
but,  not  having  found  specimens  of  intermediate  growths,  I 
cannot  entertain  the  notion  of  their  identity. 

Oeological  position, — Zone  of  Am,  spinaUis,  Hob  Hill,  Eston, 
and  Challoner  Mines  (9  exs.). 

Cucullasa  Miinsteri  ?  Zidtoii. 

1830.    '  Veret.  Wurt/  t.  Ivi.  f.  7,  p.  75. 

1858.    Quenatedt  *  Jura,*  t.  xviii.  f.  34.  p.  150,  and  t.  xxiii  f.  8,  p.  186. 
SyD.     1855.     CueiiUxa  ohtwaliB.     Simpflon.     *  Kofls.  Y.  L.' p.  115. 

Ill- preserved  specimens  of  an  ark  not  common  in  the  lower 
part  of  the  Middle  Lias  agree  \vith  Quenstedt's  figures  of  C, 
Miinsteri.  This  is  not  the  shell  we  so  call  in  Part  I.  See 
M.  intermedius. 

Geological  position, — Zones  of  Am,  oxffnotus,  Bobin  Hood's  Bay ; 
A,  Jamesoniy  Robin  Hood's  Bav,  Huntcliff;  A,  eaprieomus, 
Huntcliff. 
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Kucula  navlSj  Ptette. 

185a    *  Bu]L  Boo.  Genl.  tk  France,*  p.  20^,  1. 1.  f.  3. 

1SS5,    Ter<|uera  and  Piette.    *  Lifta  iof."  U.  x.  f,  8-10,  p.  !iU. 

Oei^oQica!  pomiicm. — Zones  of  Am.  angulatus  and  A^  Buckl&ndi^ 
Redoar  and  neighbonrhood  (yery  csommoD) ;  Am.  emfnotu^,  Hobiu 
Hood*s  Bay  {one  large  example). 

Nucula  cordata,  Qold/im, 

imr,     '  Pe*Ti?r.  Germ  '  L  rxxv,  f  6,  p.  156* 

Geological  pcaiti&n, — Zone  of  A,  Jamf*»{mt^  Htmioliflf;  »ub'3£atte 
of  A,  artituim,  Robiu  Rood^s  Bay*  WaHer ;  A.  sputatuM,  Braria- 
dal*»,  Glai^edale;  A.  anttulatiAs,  IIoL  Hill,  yuullie*<. 

Leda  subovaliSi  Qoldfn^* 

^Vfi.     18S10.  C^rbU  umffifmh.     Phillips.     *Geol.  Y'rffc.*  1  lii.  f*  H. 

i8A5.  Corbi*  UHi/ormii.    Himpsfm.     'Foi*§.  V,  L.'  p.  121. 

1858.  Lcda  Jifmm.     Andtor,     *  N.  Johrb.  T  Mm/  p.  642- 

liTO.  J^a  BronuL    Talfr.    ^  Irieb  T.msuic  FodB-*  t.  i.  f.  1, 

The  type  of  Pbillipa'fl  CorhU  umformis  is  not  a  very  sat le fac- 
tory specimen,  but  I  have  little  doubt  but  that  It  is  Leda  »ub- 
<rvalU,  BiibBequently  named  by  GoldfuBs,  The  specimen  in  tbe 
Whitby  Mueeum  has  the  valines  in  oppmition.Ro  that  its  generic 
|H>&ition  is  not  certain  ■  however,  a  specimen  in  our  possession 
similar  in  size  and  form  in  referable  to  Leda  suhtwalis.  The 
characters  relied  on  for  speoifio  distinction  of  X,  Bronni  are  not 
constant,  bo  that  the  name  is  a  mere  synonym. 

Geologkiil  poeifion. — Zones  of  Am.  Bucklandt^  Eedear  and 
Marske  Bay  (4  exs.),  Hob  in  Hood's  Bay  (1  ex.);  Am.  oxifnotus, 
Robin  Hood's  Bay  (1  ex.);  Am.Jamesoni,  Huntoliff  (1  ex.);  and 
sub-zone  of  A,  armatusy  Robin  Hood's  Bay ;  Am.  spinatua,  Kettle- 
ness,  Runswick,  Staithes,  Hob  Hill,  Eston,  and  Nonnanby  (not 
rare). 

Leda  aequilatera,  Koch  and  Bunker, 

PI.  XI.,  fig.  10. 

1837.     TeUina  stauUatera.     *  Verst.  Nordd.  Ool.*  p.  30,  t.  ii.  f.  9. 
Syn.     1855.     Nucula  teuiuasfarmts.     Simpson.     *Fo88.  Y.  L.' p.  115. 
1S75.  i  Bostralis.    Sow.     Phillips.    *Geol.  York.' p.  249. 

This  species  is  allied  to  L.  subovaUa,  but  is  a  more  depressed 
shell,  and  is  acuminate  posteriorly. 

Geological  position, — Zone  of  Am,  Jurensis  Peak,  where  a  few 
specimens  have  been  obtained.  This  species  is  quoted  chiefly 
from  the  lower  beds  of  the  Inferior  Oolite  on  the  continent,  but 
occurs  in  subordinate  beds  to  those  with  A.  Jurensis^  in  Aveyron. 
One  example  was  collected  from  the  Opalinus-heds  at  Blea  VVyke 
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Point.     Two  minute  Ledaa  obtained  from  the  base  of  tlie  Alum 
Shale,  Skelton  Park  Pit,  have  some  affinity  with  L.  cequUaiera. 

Leda  galathea,  lyOrhigny. 
PI.  XI.,  fig.  6. 

1850.  » Prodromus,*  vol.  i.  p.  234. 

Syn.     1886.  Nucula  elliptiea.    Romer.    *Ool.  Geb.*  p.  100. 

1858.  Nucula  inflexa.    QuenBtedt.   *  Jura,'  t.  xiii.  f.  41,  p.  1 10 ;  t  xxiii. 

f.  15,  p.  187. 

1855.  Nucula  cymbula  and  N.  dura.    Simpson.     *Fofl8.  Y.  L.'  p.  115. 

1855.  Amphidesma  nitulum,  p.  126. 

1870.  Leda  Quenstedti,    Tate.    *  Irish  Lias  Foes.'  p.  19,  t.  i.  f.  4. 

A  common  fossil  throughout  the  Lower  and  Middle  Lias,  but 
attains  considerable  dimensions  in  the  ironstone  bands  at  Haws- 
ker — a  breadth  of  {ths  inch.     Our  drawing  is  not  typical. 

Geological  position, — Zones  of  Am,  angutatus,  Coatham  Marsh, 
Kedcar ;  Am.  Bucklandi,  Kedcar,  Marske  Bay,  Bobin  Hood's  Bay  ; 
Am,  oxynotua,  Robin  Hood's  Bay ;  Am,  Jamesoni^  Hantcliff,  Robin 
Hood's  Bay,  Wood  End,  Warter,  Langbargh;  Am.  cap-icomus^ 
Huiitcliff ;  Am.  magaritahu,  Staithes,  Huntcliff,  Danbydale  ;  Am. 
gpinaiuSj  Hawsker  (common),  Kettleness,  Grosmont ;  Am.  annu- 
latu8y  S.  of  Whitby,  Grosmont,  and  l^.W.  Cleveland. 

Leda  Heberti,  Martin. 

I860.    '  Pal.  de  la  Cote^'Or,'  t.  iii.  fs.  1-4,  p.  79. 

Geological  position. — Zone  of  A.  oxynotus^  Robin  Hood's  Bay 
(1  ex.). 

Leda  Zieteni,  Brauns. 

1871.  *  Untere  Jura  im  Nord.  Deutschland,*  p.  373. 

Syn.    1832.    Nucula  inflata.    Zieten.    *  Verst.  Wiirt'  t.  Ivii.  f.  i  (non  Sow.). 
1 8.S7.     Nucula  acuminata.     Goldfuss.      *  Pet.  Germ.'   t.   cxxv.   f.  7 
(non  Ziet.). 

Shells  agreeing  in  form  with  N.  a^mminata,  Goldfuss,  are  con- 
fined to  the  lower  beds  of  the  Middle  Lias,  and  though  a  some- 
what similar  species  occurs  in  the  middle  portion  of  the 
formation,  yet  I  cannot  connect  the  two  by  intermediate  pas- 
sages. Should,  however,  the  two  be  identical,  then  Simpson's 
name  of  L.  minor  has  priority  of  publication. 

Geological  position. — Zone  of  Am.  Jamesoni,  Upsall  Pit,  Hunt- 
cliff,  Peak,  Robin  Hood's  Bay ;  and  1  example  in  the  region  of 
A.  armatus,  Robin  Hood's  Bay. 

Leda  minor,  Simpson. 
PI.  XL,  fig.  9. 

1855.    (Nucula.)    »Fob8.  Y.  L' p.  115. 
Shell  Rubtriangular,  globose ;  inflated  in  the  umbonal  region  ; 
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nm  bones  very  prouuuent,  Nubcentral;  antaTior  aide  inEated  a^nd 

rotiDded  ;  pallial  border  arched  ;  poBtei  ior  side  ^umiQated, 
short  and  rostTated,     Surface  coueenlricaUj  striated. 

Dimensions  of  largest  eatampla— breadth,  ^ths;  length,  ^ths; 
thicknees,  ^tha  of  an  inch.  Thb  speeiei,  which  is  some  what 
intermediate  in  form  between  L.  lathryma  and  Z.  mnitn^  was 
described  by  Simpson  tm  **  very  similar  in  form  to  L.  ovum^  but 
mnch  flmaller  and  not  fio  wide  in  proportion  ;  posterior  aide 
shorter^  and  without  striue."  It  differs  from  Z.  ZiHrnii  (h,  acumi- 
nata, Goldfnss)  in  ita  inflated  form,  not  elliptical,  and  short 
roBlral  prolongation,  I  have  bp^^cimens  from  the  JameMoni-hBdA 
of  Aston  Magna  and  CheUenhara,  from  those  of  A.  i^apricomut^ 
at  Mickletoii,  and  from  the  ipina^tM-beds  at  Pontaine-Etoupe- 
four. 

Geological  podtion.^ZojiBs  of  AmmoniieH  capncomus^  Staithes, 
Hummersea,  and  Hnntoliff  (in  the  oyster  banfls  abiindnnt); 
Am.  margaritaluM^  Staithes,  Hnntcliff  (eommon),  West  Thor- 
manby ;  Am.  Jamemnh  NVarter,  Robin  no(id*»  Baj'. 

Leda  ovum,  Bowerby. 

1^4.     Nucfda  omm.    SowerVv,    *  Min.  Ckm'  t  ccodxxri.  t  1, 
1829.  35,  76.    Nmala  wuiw.    i^billim.     '  Gteol.  York/  t.  xii-  f.  4. 
1855.    Ntidda  o«uim.     SimpaoD.     *  Foas.  Y.  L.*  p.  115. 
Syn.     1^22,     Area   ronfrotto.     Young  and   Bird.    *  Geol.  Borr/  t-  ^iii.  f.  24, 
p.  231. 
1829.     ^tlmtla  compUimtti.     Phillipa.     '  Geol.  York.*  t.  lii.  f.  8, 

This  well  known  shell  of  the  Alum  Shale  waa  first  figured  by 
Parkinson  in  1811,  but  without  a  specific  name.  Yoimg  and 
Bird*8  fieui  e  of  it  is  a  fair  representation  ;  bnt  as  Montague  had 
described  in  1803  an  Arcu  ro^trata^  the  two  species  being  con- 
generic, their  name  must  give  place  to  the  later  one  of  Sowerby. 
The  example  figured  in  the  Mineral  Conchology  waa  obtained 
at  Whitby. 

Phillips's  N,  compkmata  is  a  cast  of  L,  ovum. 

Oeological  position, — In  great  profusion  in  that  portion  of  the 
Upper  Lias  formerly  worked  for  alum ;  all  the  coast  sections ; 
Slapewath.  Guisbro  *  ? 

Leda  Renevierei,  OppeL 
PI.  XL,  fig.  4. 

185>6.    *  Die  Jupaformation,'  p.  95. 
1870.    Tate.    *  Irish  Liassic  Fobs.*  p.  19,  t.  1,  f.  3. 
8yn.    1856.     Leda  tenuistriata.    Piette.    *  Bull.  Soc.  G^l.  de  France,'  t.  x. 

f.  4,  p.  206. 
1865.     Leda  tenuistriaia.    Terquem  and  Piette.    *  Lias  Inf.'  t.  xi.  f.  8, 

p.  89  (non  L.  tenuisirtata.  Sow.,  nee  Miinster). 

It  is  unfortunate  that  the  name  applied  to  this  species  by 
Piette  was  preoccupied,  as  his  figure  and  description  distinctly 
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set  forth  its  characters.  OppeVs  diagnosis  leaves  us  in  doubt  as 
to  its  correct  interpretation :  it  reads :  '*  Eesembles  L,  eomj^anata, 
Goldfuss,  but  does  not  attain  the  same  size,  and  the  anterior 
prolongation  is  shorter."  The  shell,  which  I  represented,  loe,  ctt., 
t.  i.  f.  3,  as  agreeing  the  best  with  Oppel's  description,  differs 
but  slightly  from  the  ordinary  form  of  X.  ienuiBtriaia,  Piette,  and 
must  be  regarded  as  an  immature  example.  The  Yorkshire 
examples  do  not  differ  from  Piette's  type. 

Geological  positian, — Zone  of  Am,  angulahu,  Bedcar ;  A.  Buck- 
landi^  Bedcar,  Marske  Bay,  and  Bobin  Hood's  Bay. 

Leda  texturata,  Terquem  and  Piette, 

PI.  XIL,  fig.  8. 

1865.    Terquem  and  Piette.    '  Lias  Inf.  de  I'Est  de  la  France,*  t.  xi.  fd.  5-7, 
p.  89. 

This  species  agrees  with  the  last,  of  which  it  may  only  be  a 
variety ;  it  is  distinguished  by  the  wrinkled  concentric  and 
oblique  striee  which  ornament  the  whole  suiiaoo.  In  one 
specimen  the  striee  diverge  from  the  umbo,  and  are  interrupted 
by  others  which  are  oblique,  producing  an  ornament  like  that 
of  the  surface  of  engine-turned  watch-cases. 

Geological  position. — Zones  of  Am,  anguUUm,  Bedcar,  Cliff;  Am, 
Bucklandi,  Bedcar. 

Leda  v-scripta,  Tate, 

1870.     *  Irish  Lias.  Fobs.'  t.  i.  f.  5,  p.  19. 

Its  claim  to  specific  rank  is  weak,  as  its  resemblance  to  L,  tex- 
turata is  great,  and  its  characteristic  ornament  may  be  only  an 
exaggeration  of  that  of  the  same  species ;  the  medial  portion  of 
the  shell  has  slender  plications  en  chevron,  and  the  extremities 
are  marked  with  oblique  plaits ;  nevertheless,  the  identity  is  not 
proved,  any  more  than  that  of  L.  Benevieri  and  L,  texturata, 
though  the  association  of  tne  three  under  one  specific  name  may 
yet  have  to  be  adopted. 

Geological  position.  —  Zone  of  Am,  angulatus,  Bedcar  (2 
examples). 

Leda  complanata,  Chldfius, 

1837.    Nucula  eompUinata,    Goldfuss.    *Petref.  Oerm.'  t.  cxxv.  f.  11. 
Syn.    1855.    Nueula  eomplanata,    Simpson.    *FoflB.  Y.  L.' p.  116. 

Geological  position, — Zone  of  Am,  Jamesoni,  Osborne  Bush  Pit, 
near  Upsall ;  High  Stone,  Bedcar. 


^86  paLjEontouooy, 

Leda  graphicaj  Taie. 

Ti  xnu  fig.  4* 

1870.     *  QMJirt.  Jour,  0™l.  Sue  '  Tol.  xxvL  1  X3£vL  f.  12. 
Syu.    iH55,    A'l^kb  Jc>ti{^»ijala.    Siinpaon.     'Fose*  York»' |>.  115, 

This  specie^  ^t^nd^  in  t.Le  same  relation  U\  Z,  tomplanulu  that 
X,  texim'aht  dfie^  to  L»  Rcn&vieri,  N^  l^yngicaudaia  is  a  catgt,  and 
JB  preeuiiinbly  tbat  of  L,  grapMca^  which  oocuvs  in  the  same 
series  of  Btrata. 

An  example,  with  the  rostral  prolongation  incomplete,  mea- 
Buree  ji  line  iwora  than  1 J  inches  in  width, 

G€4}logkai  position.— 7Ame  of  Am.  margaritatu^,  Staities  (not 
Tare),  Hawaker  ;  A,  spinaim,  Kettlonepfi,  Huw^ker  ;  A.  capri- 
comua^  Staithes,  HuntcliC 

Trlgonia  literata^  Yomig  avd  Bird. 

1822.     Tngmia  Ut^mta.    Young  and  Bird.    '  G^L  Surv/  p.  225^  t.  riii,  f,  t 
182i).     THffonia  Ui&rata.  Fbillipa,   *  Geo].  York.*  t  xiv.  f.  II,  Sjpd  ^it  pK  wi, 

fig.  10. 
1855,     Trigoma  Uterata,     Simpson.     *Foss,  Y.  L.*  p.  lia 

The  original  repi'csscntation  of  this  species  is  very  rough,  but 
the  deaoripHon  is  faithful.  Phillips  hai?  quoted  it  from  th« 
Ixjwer  Shale  at  Kohin  Hood's  Baj,  as  well  as  from  thi^  Alnm 
Shale.  The  former  statement  is  doubtless  a  clerical  error,  as  it 
has  not  occurred  to  any  other  ooUector  below  the  upper  part 
of  the  Alum  Shale,  and  he  haa  since  oorrected  the  statement. 

Geological  poaiiion, —ZouQQ  of  Am.  Jnreiuia,  Peak  ;  and  -4.  com- 
munis  (in  the  upper  part),  Peak,  Whitby,  Loftbouae. 

Trigonia  lingonensis,  Dumortier. 
PI.  XI.,  fig.  2. 

1869.    *  Depots  Jurassiques  du  Rhone,'  p.  275,  t.  xxii.  fs.  6-8. 

1875.  Phillips.    *  Geol.  York.*  3rd  ed.  t.  xiv.  fig.  11. 

1876.  Lycett.    *  Foss.  Trigoniio,'  t.  xxii.  figs.  1-4. 

I  announced  (*Geol.  Mag.,'  vol.  ix.)  in  1872  the  occurrence  of 
this  species  in  the  main  seam  of  ironstone  in  Cleveland,  but  it 
was  known  to  Mr.  Charlesworth  in  1858,  who  had  labelled  a 
specimen  in  the  York  Museum,  coming  from  the  ironstone  near 
Marske,  as  a  new  species  of  Trigonia. 

Geological  position.—  Only  known  in  the  richer  portion  of  the 
main  seam  in  N.  W.  Cleveland,  Skinningrove,  Guisborough, 
Eston,  &c.  Many  examples  observed,  and,  with  but  one  excep- 
tion, as  separated  valves. 

Trigonia  ?  modesta,  Spec.  ncv. 

PI.  XII.,  fig.  4. 
Shell    small,  subtrigonal,    depressed,    umbones    antemedial : 
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obliquely  carinated;  transversely  ooetated;  poaterior  area 
narrow,  flattened,  and  transversely  striated.  The  costce  are 
smooth,  numerous,  curved,  and  slightly  bent  downwards  as 
they  approach  the  subacute  carina,  which  they  do  not  reach. 
This  costated  Trigonia  resembles  T.  exigua,  Lyeett,  from  the 
Inferior  Oolite,  as  also  the  Hheetio  T,po8tera^  and  is  more  regu- 
larly and  strongly  costated  than  T.  lingonenms  of  the  same 
size. 

Dimensions. — Breadth,  T^^^ths  of  an  inch ;  length,  nearly  i^ths 
of  an  inch. 

Geological  position, — Zone  of  Am,  armatus.  Warter  and  Robin 
Hood's  Bay.     (Two  incomplete  and  ill-preserved  specimens.) 

Astarte  cingulata,  Terquem. 

1855.    *  Pal.  de  Hettange/  t.  xx.  f.  6. 

Geological  position. — Zone  of  Am.  angulatus^  Cliff,  Kedcar,  and 
Slake*s  Pit,  ('oatham  ;  and  Am,  Bucklandi,  Kedcar. 

Astarte  obsoleta,  Bunker, 

1848.    *  Paleont.  I.'  t.  xxv.  fa.  8,  9.  p.  178. 
Syn.     1850.    Ast<irie  Guextxii,    D*Orbigny.     *  Prod.  1.*  j).  21G. 

1858.    Astarte  pnlonoti.    Queustedt.     '  Jura,'  p.  45,  t.  iii.  f.  14. 

The  figures  of  Astarte  obsoleta.  Dunk.,  represent  a  very  8raall 
shell,  which  proves  to  be  the  young  state  of  Astarte  Gueuxii, 
Andler  calls  it  A,  pusiUa,  and  Rolle,  A.  Suessi,  A,  eryx,  D'Oib., 
A,  consohrina,  Chap,  and  Dew.,  and  A,  dentUabrum,  Etheridge, 
are  identical  with  A.  Gueuxii,  Quenstedt's  A.  psilonoti  and 
A,  thalassina  are  mere  varieties  of  the  same.  It  occurs  through- 
out tlie  Lower  Lias  in  Yorkshire,  but  is  abundant  only  in  the 
angulatus  and  lower  Bucklandi-heds. 

Geological  position, — Zones  of  Am,  planorhis,  Eston  Gypsum 
Pit ;  Am.  angulatus,  Bedcar  and  neighbourhood,  Eston  Pit,  Mil- 
lington.  Cliff;  Am,  Bucklandij  Redcar,  Marske  Bay;  Am,  oxy- 
notus.  High  Stones  Redcar. 

Astarte  Oppeli,  Andler. 

PI.  XII.,  fig.  3. 

1858.    *  Neuea  Jahrbiich  ffir  Min.'  p.  642. 
Syn.     1865.    A.  8aulen$i8.    Terquem  and  Piette.    *Lia8  Inf.'  p.  74,  t.  vi. 
fa.  25.  26. 

This,  the  largest  of  our  Liassic  Astartes,  is  very  like  A,  ohliqua 
of  the  Lower  Oolite;  one  example  measures  2^  inches  in 
breadth,  and  the  same  in  length  from  the  umbo  to  the  posterior 
angle.  It  may  be  an  aged  form  of  A.  cbsoleta ;  but  an  adverse 
circumstance  is,  that  it  does  not  occur  in  all  stations  with  that 
species.  , 

L  2 
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OeoltHfkat  fmsntion. — ^ne  of  Am,  an^!atuA.  Htxlrar  and  Mil- 
iingtmi  (40  exMiiiplefi  obgerved). 

Aslarte  stria  to -sulcata,  Bimer. 
Tl  XT.,  fig.  7, 

lg36,    ' Nofddeutoche  Ool  Opbirgp/  t,  vir.  f.  IS,  p.  1 12. 
SyJL     1858,     A.  amalih^.     Qn(?JiitetH.     'J urn,*  t.  3Utm,  i^.  12,  13,  p.  ISS. 

Two  forms  of  thia  shell  ar©  difitiogni&hable  :  (a)  one  inflated, 
with  few  much -elevated  and  striated  conoenlrie  plications^  (5) 
the  other  compressed,  rather  projeoting  in  front,  with  numaroii* 
Rletider  plicatione,  or  finely  Rtriated. 

FhiUips  reccfrds  hi*  A^iarte  minima  from  calcareous  nodnlen 
in  the  Lias,  as  well  as  from  the  Inferior  Oolite ;  it  is  highly 
probable  that  the  Liaseio  exampleft  belong  to  the  present 
Hpecies. 

Oeohijical  pomtitm. — Zones  of  A.  Jamemni,  Huntcliff.  Peak 
(form  a,  rare),  Langbargh  ;  A,  eaprkornus,  IIimtcHff ;  A.  tnar* 
^aritatus,  Hawaker,  HuntcUff ;  A,  »inna(m,  Grosmont,  Hawf*k©r, 
Kettleness,  Hob  Hill,  Upleatham*  and  E«ton  Mines,  Hothaoi, 
(both  forme;  form  h  more  abundant),  A.  aitnulatm,  passtm 
(form  fe)p 

Astarte  rugata,  QucmtedL 

185S.    iMcardia  rugata.     QueB^trdt,     'Jura,'  t  nxiil  T  2€,  p,  189. 
Gealo0tcal  pmition. — Zone  of  A.  ^naiue.    Eston  (3  exs,). 

Cardita  Heberti,  Terquem, 

1855.     *  Pal.  de  Hettange,'  t.  xx.  f.  10. 

Geological  pogition. — Zones  of  Am.  angulatus.  Cliff,  Millington, 
Redcar ;  A.  BticMandi,  Redcar,  Marske  Bay.  A  common  \oaa\\ 
at  Redcar. 

Cardita  multicostata,  Phillips, 
PI.  XII.,  fig.  7. 

1829.     Cardium  muUicostaium.    Phillips.     •  Geol.  York.'  t.  xiii.  f.  21. 
1855.     Cardium  multieostatum.    Simpson.    *Fo68.  York.  Lias.*  p.  120. 
Syn.     1867.     Cardita  liasina.   Moore.    *  Mid.  and  Up.  Lias,'  t.  vii.  f.  9,  p.  98. 

This  shell  has  received  seven  specific  denominations,  and  has 
been  referred  to  the  genera  Cardium,  Isocardia,  Astarte,  and 
Cardita.  It  is  most  certainly  congeneric  with  Cardita  Heberti ; 
and  if  my  interpretation  of  the  internal  parts  be  correct,  it  is 
rightly  placed  under  Cardita.  The  majority  of  the  specimens 
that    have    passed    through    my    hands    agree  in   shape   with 
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Phillips's  type;  but  others,  and  especially  those  from  the 
JameaoniAyedB,  are  more  or  less  compreflsed  and  carinated,  and 
have  the  aspect  of  an  Opis  ;  narrower  examples  agree  with 
Isocardia  angidata^  Goldfoss. 

Geological  position. — Zones  of  Am.  Jamesoni,  Hnntclifif  (rare) ; 
Am.  margaritatus,  Huntcliff,  Staithes  (common),  East  Thomaby, 
Hawsker ;  Am.  gpinaius  (rare),  Hob  Hill,  Upleatham,  and  Eaton 
Mines. 

Cardinia  crassiuscula,  Sowerhy. 
PI.  XIV.,  %  4. 

1817.     Unto  eramweulw.    Sowerby.    '  Min.  Ck)n.' t.  185. 

This  species  seems  hitherto  to  have  been  known  only  from 
adult  examples,  though  Strickland  conjectured  that  C.  eU^tica, 
Ag.,  was  the  young  of  it.  After  close  study  of  many  specimens 
of  a  Cardinia^  having  considerable  resemblance  to  C.  hyhrida,  I 
conclude  that  they  are  the  young  shells  of  C.  crassiwcula.  A 
few  examples  of  intermediate*  size,  depressed,  and  of  a  circular 
outline,  conclusively  establish  that  the  shapes  so  extremely 
different  really  represent  different  stages  of  growth  of  the  one 
species.  An  early  stage  of  it  is  shown  by  PI.  XIV.,  fig.  4,  but 
many  figures  would  be  requisite  to  illustrate  its  life-history. 
The  irregular  curve  of  the  dorsal  margin,  or  hump-backed 
appearance,  is  a  readily  distinctive  character  by  which  to  sepa- 
rate it  from  C.  Listeri  and  its  varieties. 

Geological  position. — Zones  of  A.  Bucklandi,  Redcar  and  Marske 
(many  examples),  Robin  Hood's  Bay  (Strickland),  EUerbeck; 
A.  angidatus,  ?  near  Pocklington  (Phillips),  Millington,  Cliff. 

Cardinia  Listeri,  Sowerby. 

1817.    (Unto.)    * Min.  Con.'  t.  cliv.  fs.  1,  3.  and  4. 
Var.  hyfmda.  Unto  hybrida.    Sow.    *  Min.  Con.'  t.  cliv.  f.  2. 

Geological  position.— -Zones  of  Am.  angtUatus,  Redcar,  Eston, 
and  Slakes  Pit,  Millington,  Cliff;  A.  Bucklandi,  Redcar,  EUer- 
beck, Robin  Hood's  Bay  ;  Am.  oxynotus,  Robin  Hood's  Bay. 

Cardinia  conclnna,  Sowerhy. 

1819.    (Unio.)    'Min.  Con.'t.  ccxxiii.fs.  1,2. 
Syn.     1842.     Pachyodon  lanoeoUUus.  Stutchbury.  *  Ann.  Nat.  Hist.' vol.  yiii 
woodcut,  p.  484. 

Phillips  records  this  species  from  the  Upper  Shale  and  Marl- 
stone,  but  no  description  or  figure  is  given,  and  it  is  highly 
probable  that  some  other  shell  has  been  mistaken  for  it.  The 
tvpe  of  Stutchbury's  C.  lanceolata  is  from  the  Ijower  Lias,  Robin 
Hood*B  Bay ;  several  of  our  examples  from  Redcar  agree  with  ' 
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but  the  poMstigts  to  lass  elongated  forms  of  0.  ctmdnna  satisfy  me 
of  itii  invalid  claims  to  Bp^ific  rank*  YoTiiig  sliellB,  huoIi  «it 
Ciiapnis  and  I  ^ewalque  bave  figured  under  tit*  tiiimt?  of  C,  p&r* 
reola,  are  not  un frequent  in  the  middle  beds  of  the  But^kiatnU' 
mn^  at  Bedcar  :  wbilat  very  old  examples,  com  parable  with 
€.  £opide^,  De  Kyekholt,  are  rare. 

Geological  pomtion. —  Zone  of  J  in,  Ihitklandi,  Hedcar,  Eobin 
Hood*8  Bay.     (8tutobbuvy.) 

Cardinia  ovalis^  Stutciiburi^, 

1842.    (Pach^ofUm.)    '  Ann.  Nftt.  Hial*'  vol.  fiii.  1 1.  &,  17-ia, 

^mloffirai  pomtim,—Zonen  of  Am.  jdamrhitt,  near  Kortbnlleil^in . 
^«i.  angtdniua,  llt^dmr  and  Slake'a  Pit,  EKton  Gjp*jum  Tit, 
C.IM 

Cardinia  Deshayesi,  Terquem, 

it colotjkal  pomiion * — Zon ^  of  Am,  angulatm.     Cliff. 
Cardinia  Desoudini,  Terquem, 

1855.     » Pal.  de  Hettange^  t,  ix,  r  G,  1,  p,  300. 
Geological  pomtUm, — ^Zone  of  J.ni*  anguiafug,     diff. 

Cardinia  attenuata,  Stutehbur^, 

1S42.     Pachyodfm.    ^  Ann.  Nat.  UUL*  vol.  viii.  t.  x.  {«.  13,  H,  p,  iRS. 

SjD.    1815,     Oij-^iiWa /iin«£>/fifrt,  Agtisaiz,  'EiCrit  Myca,' ^c.  t.  xii,  fe.  1-3 

Geological  position. — Am,  Jamesoni  zone,  Ilnntcliflf  (3  exs.). 
Cardinia  antiqua,  Phillips, 

1829.     PdOastra  antiqua,    Phillips.     '  Geol.  York.*  t.  xiii.  f.  16  (also  called 
in  letterpress  P.  prolotypa). 

Examples,  showing  the  interior,  which  have  been  identified 
with  Phillips's  type,  preserved  in  the  York  Museum,  prove  that 
this  shell  is  a  Cardinia,  as  conjectured  by  Agassiz,  and  catalogued 
as  such  by  D*Orbigny  in  1850.  Both  Strickland  and  Simpson 
are  wrong  in  placing  it  under  C,  crassimcula,  from  which  it  is 
widely  removed.  The  shell  is  cuneiform,  anterior  side  very 
short,  lunule  small ;  laminaB  of  growth,  thick,  imbricating,  and 
few.     Height,  }  inch  ;  length,  1^  inch ;  thickness,  i  inch. 

Geological  position. — Sandstone  of  the  zone  of  Am.  margaritaius, 
Himtcliff,  Staithes  (not  rare). 
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Cardinia  laevis,  Young  and  Bird. 
PI.  XI.,  fig.  12. 

1828.    (Cardita.)    *  Geol.  Sur.'  p.  226,  t.  vu.  f.  14. 
1855.    (Itoeardia.)    Simpson.    *Fo88.  Y.  L.'  p.  119. 

Shell  trigonal,  compressed,  subequilateral ;  umbones  acute, 
incurved,  prominent,  and  approximate;  surface  concentrically 
plicated  and  striated ;  the  strisd  numerous,  lunule  deep.  Dimen- 
sions: height,  1^  inch;  breadth,  1^^  inch;  thickness,  1  inch. 

Small  examples  of  a  Cardinia,  considered  to  be  the  young  of 
this  species,  have  close  agreement  with  C.  fasdcularia,  Buv.,  but 
seem  to  be  more  excavated  in  front;  the  thick  plications  are 
grouped  in  twos  and  threes  as  in  that  specien. 

Younj5  and  Bird's  figure  represents  a  more  orbicular  shell 
than  any  to  which  I  have  applied  their  name ;  and  it,  moreover, 
contradict?  their  statement  that  the  shell  is  remarkably  smooth ; 
but  they  add  that  in  a  few  specimens  **  a  few  of  the  concentric 
lines  of  growth  are  i-ather  prominent."  The  plications  and  strice 
vary  in  strength,  but  in  all  my  specimens  there  is  no  approach 
to  absolute  Hmoothness ;  nevertheless,  I  think  that  they  are  cor- 
rectly identified  with  Young  and  Bird's  species. 

Geological  position, — Zones  of  Am,  spinatus,  Eston,  Upleatham, 
I  Job  Hill,  Skinningrove,  Slapewath,  Belman  and  Glaizedale 
Mines ;  Am,  margaritaius,  upper  beds,  Staithes  (1  ex.). 

Cardinia  crassissima,  Sowerhy. 

1818.    {Unto.)    'Min.  Con.' t.  cliii. 

A  cast  probably  of  this  species  has  been  obtained  from  the 
main  seam  of  ironstone.  Hob  Hill  Mines,  Saltburu. 

Cypricardia  cucullata,  MUnster, 

1843.     Cardiwn  ciicullatum  in  Goldfuss.   *  Petref.  Germ.*  t.  cxliii.  f.  11. 

p.  218. 
Syn.     185;").     Cardium  »ecuri/orme.    Simpson.    *  Fobs.  Y.  L.'  p.  120. 
1855.     Area  securiformu,  id.  p.  111. 
1867.     Cypricardia  iutermedia,  peUucida,     Mooro.     *Mid.   and   Up. 

Lias,'  t.  vii.  fs.  5,  6,  pp.  99,  100. 

Associated  with  small  shells,  comparable  with  C,  cucullata, 
Miinster,  are  larger  ones,  varying  in  shape,  agreeing  with  C.  inter- 
media and  C,  pellucida,  Moore ;  intermediate  forms  connect  them 
all  together.  C.  securiforme,  Simpson,  is  undoubtedly  Mtinster's 
species,  whilst  Area  securiformis  of  the  same  author  is  a  cast. 

Geological  position, — Zones  of  Am.  Jameaoni,  Chop  Gate  Bils- 
dale;  Am.  margaritatus,  Staithes,  Haw^ker;  Am.  spinatus,  Eston, 
Upleatham,  and  Hob  Hill  Mines,  Staithes ;  Am,  anntdaius,  Hob 
Hill,  Skelton  I'ark  Pit. 


Bm 
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Hlppopodlum  ponderosum,  Sotcfrb^, 

I 

18  IF.  Sbw<!irby.    '  Min*  Con**  t  orL 

1828.  Yottng  and  Bird,    *Geol,  Su*/  t  viL  f.  13^  p,  ^^7, 

1855.  SLmp^ri.     'Fom.  T,  L.' p.  119. 

Hyu*     1828.  YounK  and  Bird.    ■  G^oL  Rur/  i  lii  f,  I,  p.  221. 


ii 
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1875. 


Tol  xxxi.  t  V,  r  6,  p.  127. 


Etheridg*.    *  Quart    Joar.   <*W3L    Sne,' 


^  The  results  of  a  careful  comparijioTj  of  numennie  ^xainplf^  of 
^ikfopodui^  in  varioue  stages  of  grfiwths,  from  the  I^ower  aod 
Middle  Lia«  of  Yorfcehire,  are  that  MifHtuM  hippcic^mpm  is  not 
diiTereiLt  from  Hippodium  pondttromtm,  and  that  the  eliell  is  of 
vsiiable  ahape:  elongated,  oblong,  and  nearly  square;  and, 
moi^eover,  variea  in  the  amonnt  of  oonv«txity,  rugtisit  j  of  surfkoe, 
and  in  the  extent  of  the  anterior  maf]^n.  Yofung  and  Bird's  figure 
of  M,  hippocamptts  represente  a  cai^t,  and  seemed  at  first  to  present 
m  diftinotive  charaatere  an  oblong  form,  and  a  prolonged  or  api- 
ailate  anterior  aide ;  bnt  they  are  not  constant,  and  are  ocg&^ 
etonally  presented  by  specimens  from  the  lower  beds  of  th« 
Lower  Liaa,  Some  of  tteee  latter  agree  witli  C^mc^rdia  eom^ 
pireua.  Terq. ;  and  C^pricardta  Falsani,  Dumort,  may  be  the  same. 

Geological  potiitim, — Zones  of  Am.  ang^kUni.  Hedcar  and  Est  on 
Gypetim  Pit  (3  ext^S). ;  A,  Bueihndi^  Kodcar,  Marfilie  Bay 
(abundant),  and  Eobin  Ht«)d'a  Bay  j  A  ozytirrfiw,  Robin  Ho<>d'« 
bay.  High  Stone,  H^dcmr ;  A.  Jamemmi^  Robin  Hood's  Bay, 
Hiinteliff,  Coatham  Scars;  A.  capicomm,  Sfaithe!*,  Humuiorsea, 
Huntcliff  (t-ommon);  A.  m<irgariUiiue,  Staithee,  Himteliff,  he- 
qveni  tn  tlie  Sandstones  (common) ;  A.  uptnaiHt^  Upleathani  ami 
Hlapewatli  Mines  (2  exK.). 

Yijijni^  and  Bird  record  their  M.  hippocampm^  from  the  Kt^ttle- 
net>8  bands. 


Hippopodium  gigas,  Spec,  nor. 

PI.  XIII.,  fig.  5. 

Shell  bhoil  and  massive,  ovately-trigonal,  excessively  gib- 
bous ;  umbones  very  large,  inflated,  incurved,  approximate, 
directed  forwards,  and  nearly  reaching  the  plane  of  the  anterior 
margin ;  lunule  deep,  cordiform  ;  anterior  side  very  short, 
rounded ;  front  margin  slightly  curved  ;  posterior  side  sloping, 
rounded  at  the  margin ;  surface  covered  with  depressed  con- 
centric plications  and  striae  ;  plications  imbricating  towards  the 
front  margin.  Dimensions  :  breadth,  5  inches  ;  height,  3J  inches  ; 
greatest  thickness,  2|  inches. 

Geological  position.  —  Zone  of  Am.  spinaluti,  Hob  Hill,  Up- 
leatham.  Belman  and  Eston  Mines  (9  ex.s.). 
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Myoconcha  inclusa,  Tcrjuem. 

1855.    (Cyprioardia.)    'Pal.  de  Hettange,*  t.  xx.  f.  12,  p.  305. 
1865.    (Myoconcha.)    Terquem  and  Piette.    *  Lias  Inf.*  ftc.  p.  85. 

A  single  specimen  from  the  angidaitu-heds^  Millington.  May 
it  not  be  a  young  form,  of  which  If. paihnoti  is  the  adult? 

Myoconcha  psilonoti,  Quenstedt. 

1858.    *Jura,'t.  iv.  f.  15. 

Geological  poiitum. — Zones  of  Am.  angulatus.  Cliff,  Redcar ; 
Am.  Bucklandi,  Redcar  and  Marske  Bay. 

Myoconcha  decorata,  Maruter. 

1887.    Mytilus  in  Goldfuss.    *  Petref.  Germ.'  t.  cxxx.  f.  10,  p.  174. 
Syn.    1828.    Solenenns.    Tonng  and  Bird.    *  Geol.  Sur.' p.  220. 
1855.    Mytilua  emtB.    Simpaon.    *  Fofu.  Y.  L.'  p.  118. 

Young  and  Bird's  ''  Solen  enns,  or  a  species  near  akin  to  it," 
proves  to  be  the  cast  of  Myoeoneha  decorttta.  Oppel  seems  to  have 
met  with  a  like  fossil,  and  equally  to  have  misunderstood  it,  as 
he  states,  in  a  note  to  his  Solen  lianmu^  that  a  similar  form  was 
found  by  him  in  the  Marlstone  of  Yorkshire. 

Geological  position. — Zones  of  Am.  capricorwu,  Scugdale  Beck, 
near  Huthwaite  Oreen,  Staithes;  Am.  spinaiue^  Hutton,  Gros- 
mont,  Hawsker. 

Tellina  lingonensis,  Dumortier. 

1869.    '  D^pdts  Jurassiques,'  vol.  iii.  t.  xxx.  f.  1,  p.  26.S. 
Geological  position. — Zone  of  A.  npinatus,  Hiimmersea  ( 1  ex.). 

Tellina  fabalis,  Simpson. 

PI.  XII.,  fig.  5. 

1855.    *  FoBsila  of  the  Y.  L.'  p.  121. 

Shell  ovate-trapezoid,  depressed,  equivalve,  inequilateral,  con- 
centric striae  numerous  and  fine ;  the  surface  of  the  cast  shows 
obsolete  ridges  radiating  from  the  umbo.  Breadth,  ^  inch ; 
height,  ^  inch. 

Geotogiocd  position. — Zones  of  Am.  spinatus,  Hawsker  (3  ex«., 
one  in  the  Whitby  Mus.) ;  A.  margaritatus,  Staithes  (1  ex.). 


Venus  tenuis,  Koch  and  Dunkcr. 

triige,  Nord.  d.  Ool.*  p.  xxx.  t.  ii.  f.  5. 
Ina  cydiformis.    Simpaon.    *  Fobs.  Y.  L.' 

Gcolivjical  jjotfi^j'jrt. —Abundant   in   the   zone  of  Am,  Jurensis, 


1837.     *  Beitriige,  Nord.  d.  Ool.*  p.  xxx.  t.  ii.  f.  5. 
Syn.     1855.     Tellina  cydiformis.    Simpson.    *Fob8.  Y.  L.' p.  121. 
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Te^ik  ;  and  ricoui^  in  the  Lingulahed  at  BIe4  Wyki.\     Ite  raiig# j 
in   N,   W.   Germany   in  froiii    the   fj^Wifuw-bc^st   to   the   Grefttl 


Oolite* 


Isodonta  Ewaldij  Bomcmann. 


1854-    {Tmiiodon.}    'lAa^  K  GoiilRgm,*  p.  6G, 
8^n,     JS5S.     Opts  H*ta/^mut*    QuuDiitedL     *  Jura/ L  i.  fig,  3ii. 

t.  XV.  f.  IG. 

Cfmli%  probably  of  thits  Bpocies,  winch  buve  been  tit  I  ltd  PliZ* 
Itmtra  art^nicola  by  the  Glouoeeitenihire  geologists,  ar«  common  in 
Ehietic  ehttles  and  Kancktones  abtmt  NorthaUerlon  and  Tliorntojj- 
Id^Moor  ;  Bpecimens  with  the  t^t  were  obtained  aed^uciated  with 
Camanelh  cmloria,  from  the  Eettun  GypBUm  Pit  by  Mr.  G.  Lee. 

Protocardium  truncatum,  Sotocrif^. 

1827.  (Ctirdium.)    ^Miti.  Coti/ t.  dliii,  f.  3* 

IS29.    Ir^rdimi.)     PliJlUpfi.    *  fieol.  York*  t,  Jtiii.  f  H. 
fiyn*     1822.     Cfirdiam  ^f^diaattim^  trimi^ftklare.    Young  and   Bird.     'G«oL 
8ur/  t.  viii.  i\  &. 

1828.  CX  d&Uifide^m.     Young  and  Bird.     Id.  t.  fiii.  f.  5. 

I'his  widely 'Kpread  tthcll  of  the  Middle  Lias  wan  noticed  firnt 
by  Young  and  Birtl  he  otjo  akin  to  *C  pectinaiunt  ;*  but  later, 
regarding  tt  as  distinct,  ^h^.*y  ga^re  a  faithful  deF>oription  of  it 
under  the  heHd  of  C^  df^Iioideum;  ^owerby  in  the  meanwhile 
publifibed  it  under  the  name  it  now  yniverfialiy  bears. 

Geological  position* — Throughout  tlie  whole  Middle  Lias  :  moet 
abundant^  and  largest  in  the  oyster-bands  of  the  capricomut- 

stituting  shell-beds  of  wide  extent.      Average-sized  specimens 
have  a  length  of  1  inch,  and  a  breadth  of  1^. 

Zones  of  Am.  Jamesoni,  Robin  Hood's  Bay,  Coatham,  Lang- 
bargh ;  Am.  capricomu^,  on  the  coast ;  Am.  margaritaius,  on  the 
coast  and  inland  (passim) ;  Am.  spinalus,  not  common,  but 
general;  Am,  annulatiis,  Skelton  i'ark  Pit,  Hob  Hill,  Staithes. 


Protocardium  sub-striatulum,  D'Orhigny. 

1850.    (Cordtuwi.)    *  Prod.  I.' p.  202. 
Sjm.     1829.     Cardium  striattUum.    Phillips.     *Geol.  York.'  t.  xi.  f.  7  (non 
Brocchi). 

A  gibbous  P.  truncalum,  with  a  broader  and  less  abruptly 
posterior  area.  Originally  described  from  Inferior  Oolite- 
♦specimens  from  Blea  Wyke. 

Geological  position. — Zone  of  A.  Jurensis^  Peak. 
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Protocardium  Philippianum,  Bunker. 

1847.    (Cardium,)    *  PaliBontographica  I.'  t.  xvii.  f.  6.  p.  116. 
Syn.    1853.     Cardium  RhaUicum.     Merian.     'GeoL  Bemerk.  u.  d.  Nordl. 
Vorarlberg,'  t.  iv.  fs.  40  and  41,  p.  19. 

The  characters  relied  on  as  distinguishing  P.  Bhceiicum  from 
P.  Philippianum  have  not  been  found  by  me  to  be  constant ;  their 
identity  being  established  requires  the  employment  of  the  earlier 
name.  The  examples  from  the  angulatus  and  Bucklandi  bods, 
which  are  few  in  number,  are  small ;  but  those  from  oyster- 
bands  and  RhaQtic  are  of  considerable  size. 

Geological  position.  —  Bhcetic  Thomton-le-Beaus,  Dibdale, 
near  Northallerton,  Eston  Gypsum  Pit.  Zone  of  Am.  planorhis, 
in  the  Pleuromya  limestones  and  oyster-bands,  Eston  G}^sum 
Pit,  Foxton,  near  Northallerton,  Gliflf,  Hotham ;  Am.  angulaius, 
Redcar,  Cliff ;  Am.  Bucklajidi,  Kedcar,  Bobin  Hood*s  Bay. 

Protocardium  oxynoti,  Quenttedt. 

1858.    (CJardium.)    *  Jura,'  t.  xiii.  f.  46,  p.  110. 
Syn.     1855.    Area  ?  triangularis.    Simpaon.    *  Foes.  Y.  L.'  p.  114. 

A  very  small  species,  rela4;ed  to  the  foregoing,  but  of  a  rounded 
form.  Simpson's  di^nosis  wants  definition,  the  generic  cha- 
racters being  overlooked.  Having  examined  the  type,  I  have 
confidence  in  this  identification. 

Geological  position. — Zone  of  Am.  oxynotus,  Robin  Hood's  Bay 
(abundant  in  the  middle  part) ;  sub-zone  of  A.  armatus,  Robin 
Hood's  Bay,  VVartor,  Husthwaite. 

Lucina  limbata,  Terquem  and  Piette. 

18t)5.    *  Lias  Inf.  de  TEdt  do  la  France,*  t  x.  fs.  6  and  7,  p.  136. 
Syn.     1855.     TeUina  striata.    Simpson.    *  Fohb.  Y.  L.'  p.  120. 

By  way  of  apology  for  suppressing  Simpson's  name,  I  urge 
the  insufficiency  of  a  mere  verbal  description  of  a  shell,  the 
generic  position  of  which  is  not  ascertained.  In  this  case, 
though  the  terse  diagnosis  distinguishes  T.  striata  from  the  two 
other  species  described  from  the  Yorkshire  Lias,  yet  it  does  not 
afford  characters  by  which  to  separate  it  from  other  Liassic 
species  previously  referred  to  the  genus. 

Geological  position. — Zones  of  Am.  angulatus^  Redcar  and  Cliff 
(rare) ;  Am.  Bucklandi^  Robin  Hood's  Ba}*,  Redccir,  and  Marske 
Bay  (very  abundant). 

Lucina  cardinoides,  Spec.  nov. 

PI.  XVL.  fig.  8. 

Ovate-trapezoid,  subinequilateral,  subventricose,  concentric- 
nil  y  ridgod  ;  rounded  in  front,  posteally  subtruncated  ;  ventral 


3^6  PAL^BONTOLOOT, 

margin  curved ;  umboiies  small,  an tem6dial,j»ub4icjute;  lunule  very 

smaU ;  eiK^utcbeoti  lineHr. 

Haa  the  aspect  of  a  Otrdiuia,  especially  of  the  yotttig  of 
C  /^nn*,  Y.  and  B,  Tbe  hin^Q  is  not  known,  but  is  referred 
to  Luoina  lK?eaufie  of  a  certain  rosemblant^  it  bems  tf>  Zucma 
Itf/^in.  Dimensions  :  breadth,  7  ;  height,  "SS  ;  thickness,  -35  ; 
anteritjr  side,  "3  inch. 

Qmloffical  ponition^ — Zone  of  ^m,  Bficklnndi^  Redcar  (3  exs.), 

Lucina  pumila,  Mumier^  sp, 

W         1§87.    ( Kefitt*.)    Oeldfttu.    *  Petref,  Germ/  p.  213,  t,  eL  1 7. 
G^dlofjical  pmtimh — Zone  of  ^i».  tpmatun,  Hawsker  (1  ex.). 

Unicardium  cardioidBs^  PhUlijm^ 

\H2^,    ((ht^h.)    '  GeoL  York/  t  xu.  t  1% 
1855.    Bimjwm.    *  Fow.  Y.  L/  p.  122. 
tfyn.     JB55.     (Jfjrhultt  aimit^m^  deti^idsa^  iwrjmivrtlmt,     Buupaoo,  he.  «^« 
fip.  l!i:^  149. 

There  are  good  grounds  for  the  belief  that  the  tjpe  of  Chrbula 
cardimdes  is  from  the  Jatne»oni-hedti  of  the  Yorkshire  coest,  and 
spommens  obtained  therofiom  by  us  are  oomparaMe  with  it,  now 
preaerved  in  the  York  Mu«euui.  The  Maeiromya  liamna^  Ag,, 
which  is  ooQ*iidered  by  some  authors  an  a  distinct  jspeciee^  does 
not  afford  any  good  distinctive  matkM.  The  foimer  is  generally 
more  transver.'^e  and  equilateral ;  the  latter  somewhat  globoae 
and  inequilateral ;  but  after  an  examination  of  many  examples 
from  the  Jame^tmi  and  Bucklandi  bed«,  I  am  forced  to  admit  tlK^ir 
identity.  U.  Janthe,  D*Orb,,  is  not  distinct  from  U.  cardiaides. 
Simps^ju  has  mtide  throe  udflititmjil  bpocicB  —  his  C.  irquivalng  la 
undistinguishable  from  U.  cardioides ;  his  C.  deltoid ea  is  a  very 
large  example  of  the  same ;  whilst  his  C.  incequivalvis  is  ;i  speci- 
men of  U.  cardioides  with  shifted  valves. 

Geological  position.  —  Zones  of  Am,  angulatus,  Cliff,  Redcar, 
Slake's  Pit,  Coatham,  Eston  Pit ;  Am,  Bucklandi,  Redcar,  Mai-ske 
Bay ;  A.  oxyjiotua.  High  Stones  Redcar;  A.  Jamesoni,  Robin  Hood's 
Bay,  Huntcliff,  Coatham,  High  Stones  Redcar. 

Unicardium  subglobosum,  Tate. 

1867.     Unicardium  globosum.    Moore.     *Mid.  and  Up.  Lias,^  t.  vii.  f.  15, 
p.  103  (non  Agassiz,  1843). 

This  species  is  distinguished  from  U.  cardioides  in  its  much 
more  central  umbones,  less  angular,  and  more  rounded  form  ; 
whilst  it  is  Htrongly  striated  i-adially  on  the  umbones. 

Geological  position. — Zones  of  Am.  spinatus,  above  the  main 
^eam,  Stailhe.s,  Kettleness;  A.  annulatus,  S.  of  Whitby  (an 
obsruie  specimen  possibly  of  this  species). 
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Tancredia  ovata,  Chapuis  and  Dewalque. 

ISr.^.    *  Terr.  Sec.  de  Lux/  t.  xxv.  f.  2,  p.  173. 
Syn.     1875.     Taneredia  ferrea.  Etheridge.  '  Quart  Jour.  Geol.  8oc.*  vol.  xxxi. 
p.  127,  t.  V.  f.  4. 

The  original  description  of  this  species  is  exactly  applicable  to 
my  specimens,  which  also  agree  with  the  drawing  in  form,  size, 
and  ornamentation. 

Geological  position, — Zone  of  Am.  BucHdandi.     Hedcar. 

Tancredia  longicostata,  Buvignier. 

1852.    (Hetiangia.)    '  Pal.  D4pi.  de  la  Meuse,'  p.  15,  t.  xiii.  fs.  19, 20. 
Geological  pontion, — Zone  of  Am.  gpinatus.  Est  on  Mines  (1  ex.). 

Tancredia  lucida,  Terquem. 
1853.    Hettangia  lucida.    '  Bull.  Soc.  GeoL  Fr.  etc.'  p.  875,  t.  ii.  fs.  8-10. 

A  nearly  perfect  shell,  but  having  much  agreement  with, 
though  half  as  large  again  as,  T.  luada,  from  the  Main  Seam, 
Upleatham. 

Tancredia  broliensis  ?  Buvignier, 

1852.     (Hettangia.)    *  Pal.  IMpt.  de  la  Meuie,'  t  x.  f.  22. 
Syn.     1875.     Tancredia  liaasica.    Etneridge,  Joe.  eit.  t.  v.  f.  5. 

Geological  position. — Ca>*ls  of  a  large  ovately-trigonal  shell, 
with  a  broader  posterior  area  than  T,  broliensis,  Buvignier, 
have  been  obtained  from  the  **  Black  Hard,"  and  from  the  main 
seam  at  Upleatham  and  Eston  Mines. 

Tancredia  apicistria,  Bolle. 

1861.    *  Sitz.  der  K.  Akad.  d.  Wisa.'  vol.  xlii.  p.  275,  f.  7. 
Ge4)logical  position, — Zone  of  ilm.  Bucklandi,  Bedcar  (7  exs.). 

Tancredia  dionvillensis,  Terquem. 
PI.  XIV.,  fig.  12. 

1853.   (Hettangia.)    *  Bull.  Soc.  G^l.  de  la  France,'  vol.  x.  p.  375,  t.  i.  fs.  1-4. 

In  the  Whitby  Museum  is  a  Tancredia  with  the  two  valves  in 
contact  along  the  dorsal  line,  but  separated  below,  and  deprived 
of  the  extremity  of  the  rostral  prolongation.  Its  shape  is  that 
of  T.  dionvillensis,  though  much  larger ;  some  slight  differences 
in  the  relative  proportions  of  different  parts  are  noticeable,  but 
they  are  not  of  such  magnitude  as  to  justify  a  new  denoroina- 


lion.     Tbe  diitinmbuB  nre :  leni^h.  2^  inolieft;  Ymi^h  t»f  poi- 

tcrior  f<u1o^  H  in<*b  ■  height,  l^  inch. 

Qmiliigii'al  pttmUm.-7jnnc  of  Am.  Mfrpcntinus,  afeocmted  with 
Ptmithmfrntifti  Brtmnu  lu^ar  Whitby  (Wliitby  MuNeiiui);  Am.  t^rm- 
muntii^  LoftUoiifettj  Alum  Works  (a  caj^i)*  The  tjpo  !»  fruiii  the 
A.  opalinu»'hfid»  of  Thbnville, 

Pholadomya  glabra,  Agattm, 

im%    '  El.  CriUqui»t  cte.— Mj  ob/  t.  iii  f«.  12- J4,  p»  00. 

rU,  Coafham  ■  ^.  iJuc^/findi,  Redcar,   Martekts   Bay,  NHnlhorpt*, 
Kohin  Hood's  Buy, 

Pholadomya  Fraasii,  f^pel 

G&ologkal  posiUon.-^Z^nm  of  ^,  an^o/u^,  Cliff;  A.  Buekiandi^ 
liedcar, 

Pholadomya  decora ta,  Zirtm. 

8yn.     1855,     P.  antl^^fldi,  }*.  dongata,  P,  trttiuMUt,    H\m\mm.  *  Fnim,  W  1*.* 
p.  VAh 

GfohHjical  po»liifm. Suh-zoTiQ  of  ji?^.  annatuit,  Rohiu  Hood  s 
Bay,  High  Stones  Hedcar,  One  of  tho  mnni  ooinmon  and  cha- 
meteribtic  fossils  of  th©  JameMfrti-h^H^  Robin  Hood's  Hay,  Hunt- 
cHfF,  Coatham,  Normanby  Drift,  Chop  Gatt^^  Bjlsdale, 

Pholadomya  Bey  rich  ii,  Schldnhach 

1863.    '  Zeitschr.  d.  D.  Geol.  Ges/  vol.  xv.  t  xiii.  f.  1,  p.  587. 

Geological  position. — Zone  of  Am,  caprirornus,  Huntclifif  (2  exs.), 
Hawsker  (1  e?:.). 

Pholadomya  ambigua,  Sowerhy. 

1819.     (Jjutraria.)    *  Min.  Con.' t.  ccxxii. 
Syn.     18")5.    P.  producla^  P.  recurva.    Simpson.    *Fo88.  Y.  L.*  pp.  127-129. 

P.  recurva,  Simpson,  is  not  separable  from  P.  ambigua,  whilst 
P.  producta  is  an  aged  specimen. 

Geological  position. — Zone  of  Am.  Jamesoni,  Robin  Hood's  Bay  ; 
A.  capricomusy  Humraersea;  A.  margaritatm,  Hnntcliff,  Humj- 
mersea  (rare).  A  common  fossil  in  the  main  seam  of  ironston(3, 
where  it  attains  very  large  dimensions,  N.  W.  Cleveland, 
Staithes,  Kottleness,  Glaizedale;  Am.  annulatuH,  Skelton  Park 
Pit  (one  imperfect  example). 


LAMELLIBRANCHIATA.  399 

Pholadomya  Simpsoni,  Taie. 

PI.  XIT.,  fig.  1. 
1855.    Pholadomya  gibbosa.    Simpson.    *Fo8b.  Y.  L.*  p.  128  (non  Sow.). 

Shell  ovately  trian^lar,  the  ventral  margin  much  arched  anil 
strongly  incurved  behind  the  nmbones;  nmbones  nearly  termi- 
nal, incurved,  obtuse ;  escutcheon  very  lai^e ;  surface  orna- 
mented with  about  7  oblique  diverging  and  nodulose  ribs,  and 
with  concentric  folds  and  strias. 

This  species  is  somewhat  intermediate  in  form  between 
P.  decorata  and  P.  ambigua,  being  triangular,  with  a  very  short 
anterior  side,  but  produced  and  rather  pointed  posteriorly ;  the 
ribs  are  commonly  7  in  number,  strong,  and  nodulated. 

Dimensians. — Height,  2  inches;  breadth,  2 J  inches;  thick- 
ness, 1\  inch. 

Geological  position, — Zone  of  Am.  spinatus.  From  the  shales 
between  the  main  Ironstone  Seam  and  the  •*  Grey  Shales"  at 
Kettleness,  Staithes,  Park  Wood,  and  Rockcliff. 

Pholadomya  lunata,  Simpson. 

1855.    *Fo88.  Y.  L.*p.  128. 

Transversely  oval,  elongated  ;  umbones  jribbous,  very  large, 
ante-medial ;  anterior  side  produced,  inflated  ;  margin  regularly 
rounded,  front  margin  much  curved  ;  posterior  side  attenu- 
ated, elongated,  obtusely  pointed ;  dorsal  line  deeply  incurved 
behind  the  umbones.  Surface  ornamented  with  3  faint  oblique 
ribs  and  concentric  rugsB  and  striaa. 

Dimensions  of  the  type. — **  Width,  5  inches ;  length,  3J  inches.'' 

This  species  is  s:eparable  from  its  congeners,  by  its  elongated 
foim,  few  ribs,  and  the  deep  saddle-like  depression  behind  the 
umbones. 

Geological  position. —  Zone  of  Am.  spinatns,  Cleveland  Main 
Seam,  Belman  Mines  (Mr.  T.  Allison),  Hob  Hill,  and  Bston 
Mines  (Mr.  G.  Lee).  (5  exs.)  Locality  and  position  of  typenn 
the  Whitby  Museum  not  ascertained. 


Pholadomya  ventricosa,  Agassiz. 

1844.     {Homomya.)    *  Et  Critiques,  etc— Myes,*  t  xvi.  fa.  7-9  and  17, 
p.  158. 
Syn.     1855.     P.  concinna.    Simpeon.    *  Fobs.  Y.  L.'  p.  128. 

A  fine  example,  comparable  with  Dumortier's  figure  of  this 
species  ('  Dep.  Jur.,'  Pt.  II.  t.  xviii.,  fs.  3, 4,  p.  45\  I  obtained  from 
the  Upper  Bucklandi-hedB  in  Marske  Bay ;  and  tne  type  of  P.  con- 
cinna is  equally  good,  but  the  identity  of  the  Robin  Hood's  Bay 
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''"in  the  upper  part  of  the 
iMi«  beds  at  Peak. 

,  Phillips. 

iJeoL  York.*  t.  xi.  f.  42. 
Simpson.    *  Foas.  Y.  L.'  p.  124. 

;rom  the  Inferior  Oolite  of  the 

».  donaei/omiis,  but  is  more  ovate 

longitudinal  constriction,  and  its 

more  rounded— characters  given  by 

ihough  the  specimen  perfectly  agrees 

Lmio  ahducUis^  which  may  be  identical 

fundaium.     A  large  specimen  measures 

,   Ij    inch    in    height,    and    Ij   inch  in 

—Zone  of  Am.  Jurensia  and  Inferior  Oolite, 


^^  iresslya  rotundata,  Phillips. 

^  letma  rotumlatnm.     Phillips.      'Geol.  York.'  1.  xii.  f.  6. 

r  -s  irt  unknown  to  us,  if  it  l)e  distinct  from  O,  ahduda, 

pies  of  which  agree  very  well  with  Phillips's  figure 

datum.     Agassiz  considered  it  A-Bry  closely  allied  to 

^guis,  and  probably  identical  with  it  ;  if  so,  then  the 

%vill  stand. 

,  quoted  from  the  Upper  Tjias  Shale,  but  no  locality  is 

Gresslya  punctata,  Simpson. 
PI.  XIV.,  fig.  10. 

^  1855.    Umphidefnui. )    '  Fogs.  Y.  L.'  p.  124. 

"  Subtriangular,  transverse,  beaks  approximate  incurved  ;  an- 
terior side  short,  angular,  with  a  broad  longitudinal  constriction, 
posterior  elongated  (imperfect),  transverse  strisB  numerous, 
dotted,  or  reticulated." — Simpson. 

Bimensimis. — Height,  2  inches  ;  thickness,  14  inch ;  total  length 
(estimated),  3.J  inches.     Length  of  anterior  side,  1  inch. 

This  shell  has  some  resemblance  to  O.  Seehachii,  but  it  is  moi*e 
oblong  and  less  inflated  ;  the  broad  depression  proceeding  from 
the  umbo  will  separate  it  from  all  its  allies,  excepting  G.  donaci- 
formis,  which  is  of  a  different  shape. 

Geological  portion. — Sub-zone  of  Am,  armatus,  Robin  Hood's 
Bay  (1  ex.  Whitby  Museum). 

The  Gresslyas  in  the  upi)er  part  of  our  Middle  Lias  have  had 
several  names  applied  to  them.     The  extremes  in  shape  are  con- 
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ispeGiiiies8  IK  Dot  so  sitisfacLory,  as  they  are  inA'ariflbJy  in  thm 
NtnUv  of  cmwtK*  more  or  lewa  distorted. 

Qeehgu-Ml  volition. — Zones  of  Am*  Buckiandu  Redc^r,  Marsie 
Bay,  and  Robin  Hood>  Bay ;  A.  oan^notm,  Bobiii  Hood's  B»j 
(ocmmon)* 

Goniomya  heteropleura,  Ag€miik 

ie*5*    '  El.  Crit.  eU^.—Uy^'  t.  i.  ft.  9,  10,  p.  24. 
f^jrti.     IBIS.    Mya  rkombi/era.     Quen«terlt.     *  Jnm,*  t,.  i,  f.  5>  p.  8S. 

Gedogkal position, ^Zone  of  jim.  Bucklandi,  R<?dcar  (I  ©je.). 
Goniomya  bybrida,  Jlf»n«£<?r. 

J  844.     {Lypiaitagta.y    Goldfuuji.     *  Fetref.  Gfum/  L  e^liv,  f.  10,  p.  31^. 
8yn.     1855.     Afj^fi  HUrata.     Htinpsorj.     *  FfJSU.  Y.  L.'  p.  1*6, 

Geoh^tal  puitHon, — Zoneei  of  j1i»,  JametKmi,  Coiktluim  (1  ex*); 
j4.  mof^ntlV^ujiE  (upper),  StaitLe^,  Mart^ke  Mill,  Saltburn  (many 
speciiiiBQfl) ;  (horizon?)  Eobin  Hood*s  Bay  (BimpGon) ;  A.  9pina* 
tm^  Kettleness;  A,  annnlatm,  Skelton  Park  Pit  (2  obscure  im* 
pressioos). 

Gresslya  Galathea,  Agaem. 

1844.     (Fkunmiya.)     '  Myea,'  p.  2S9,  t-  UTiii.  fa.  1-3, 

Qtological  jxwiViow.— Zones  of  ilm,  a«^/a^wi,  Eedcar  (rare), 
8 lake's  Pit,  Cuatbam^  A.  Bu€khndt\  ReSoar  and  Marske  Bay; 
Am.  oxymim^  Kobin  Hood*fi  Hay. 

Gresslya  striata,  ii^  assiz, 

1844.  *  Myes;  p.  219,  t.  xiiic,  fs.  7-9. 

Syn.     18r>5.  Aroaf  subiriangularit.    Simpson.     *Fob8.  Y.  L.' p.  IIG. 

1855.  Venu8  mediseva,  id.  p.  122. 

1855.  Amphidesma  concavum,  id.  p.  125. 

Geological  pogition,  —  Zone  of  Am.  Jamesoniy  Robin  Hood's 
I^y,  Hnntcliflf,  Coatbam,  Langbargh. 

Gresslya  donaciformis,  Phillips, 

1829.    Amphidetma  donaci/orme,    Phillips.     *Geol.  York.*  t  xii.  f.  5. 
1855.    Amphidesma  donaciforme  et  A.  irregtdare.     Simpson,   loc.  cit. 
p.  124. 
Syn.     1828.    D(max  sp.    Young  and  Bird,  p.  224,  t.  vii.  f.  12  (probably). 

Well  distinguisbed  by  tbe  anterior  longitudinal  constriction. 
Tbe  largest  specimen  examined  measures  2i  incbes  in  widtb  and 
li  incbes  in  beigbt. 

A.  irregulare  is,  I  consider,  a  ratber  sbort  and  stont  example  of 
G,  donaeiformis. 
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Geological  position. — A  common  fossil  in  the  upper  part  of  the 
Alum  Shale,  but  also  oocurs  in  the  t/uretuM  beds  at  Peak. 

Gresslya  abducta,  PhUlips. 

1829.     Unto  ahdwsiui.    Phillips.    <  GeoL  York.' t.  zi.  f.  42. 
Syn.     1855.    Amphidesma  rotundatwn.    Simpaon.    *  Fobs.  T.  L.'  p.  124. 

The  type  of  this  species  is  from  the  Inferior  Oolite  of  the 
Yorkshire  Coast ;  it  resembles  O,  donaciformisy  but  is  more  ovate 
and  inflated,  is  without  the  longitudinal  constriction,  and  its 
posterior  side  is  shorter  and  more  rounded— characters  given  by 
bimpson  for  A,  rotundaium,  though  the  specimen  perfectly  agrees 
with  Phillips's  figure  of  Unio  abdttctuSj  which  may  be  identical 
with  his  Ampkidesma  rotundatum,  A  large  specimen  measures 
2^  inches  in  breadth,  If  inch  in  height,  and  1^  inch  in 
thickness. 

Geological  position. — Zone  of  Am.  Jurensis  and  Inferior  Oolite, 
Peak. 

Gresslya  rotundata,  PhUlips, 

1829.     Amphidegma  rotundatitm,    Phillips.      *Geol.  York.*  t.  xii.  f.  6. 

This  species  i«  unknown  to  us,  if  it  be  distinct  from  G,  abducta, 
young  examples  of  which  agree  very  well  with  Phillips's  figure 
of  A,  rotundatum.  AgasHiz  considered  it  very  closely  allied  to 
his  G,  pinguis,  and  probably  identical  with  it ;  if  so,  then  the 
species  will  stand. 

It  is  quoted  from  the  Upper  Lias  Shale,  but  no  locality  is 
given. 

Gresslya  punctata,  Simpson, 

PI.  XIV.,  fig.  10. 

1855.    {Amphidegma.)    *  Fobs.  Y.  L.' p.  124. 

'*  Subtriangular,  transverse,  beaks  approximate  incurved ;  an- 
terior side  short,  angular,  with  a  broad  longitudinal  constriction, 
posterior  elongated  (imperfect),  transverse  striae  numerouis, 
dotted,  or  reticulated." — Simpson. 

Dimensions. — Height,  2  inches  ;  thickness,  1^  inch ;  total  length 
(estimated),  SJ^  inches.     Length  of  anterior  side,  1  inch. 

This  shell  has  some  resemblance  to  G.  Seebachii,  but  it  is  more 
oblong  and  less  inflated ;  the  broad  depression  proceeding  from 
the  umbo  will  separate  it  from  all  its  allies,  excepting  G.  donaci- 
formis,  which  is  of  a  different  shape. 

Geological  position. — Sub-zone  of  Am.  armatuSj  Robin  Hood's 
Bay  (1  ex.  Whitby  Museum). 

The  Gresslyas  in  the  upper  part  of  our  Middle  Lias  have  had 
several  names  applied  to  them.     The  extremes  in  shape  are  con- 
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{^peclineiuft  la  Bot  to  ftaiii$facioryt  as  ih^y  ftre  invariably  iti  tii» 
&Ute  of  oat^ta,  more  or  lefts  distorted. 

Geologicai  ptmtiem.—Zonm  of  Am.  Burkhndi,  Hedoiir^  Mar&ke 
Hay,  and  Robin  Hocnl'e  Bay  i    A,  ose^/nptutt^  Robin  Hood's  Bay 

(oomnioii). 

Goniomya  heleropleura,  A^a^mz, 

1845.    '  Et  Crit  oIjx— Mye».'  t.  i.  fi.  &,  10,  p*  24. 
Kyn.     1858.     ifya  rAomfe/wc*-     Quenatedt.     *  Jiiro;  t,  x.  T  5.  p,  82. 

Qtolegicfd  ]^iiim. — Zone  of  jim,  BucJtlandi,  Rtidoar  (]  ex.), 
Goniomya  hybrids,  Mumticr, 

1844,     C  LytianaMa.y    Gojdfusf,     *  PetK^l  finTm/  L  ell  v.  T  10,  p.  2m. 
Sya.     )Sft5,     3fj^  ^iV^raia.     Siropeon.     *  Foft«.  Y.  L.'  p.  lUd. 

GBohgimt  jMmiion,—Zun^  of  Atn.  Janwtsoni,  Coalbiiti  (1  ^3t.);] 
A.  marffaritatti*  (uppeT).  Staithes,  Marftke  Mill,  Saltbnni  (maJijTj 
tfpecimene)  ;  (Aortsmi?)' Robin  Hood*8  Bay  (Simpson)  ;  A*  apm^M 
ttta,  Kettlene^s;  A,  annttlatus,  Skelton  Park  Pit  (2  obecurt»  iui- 

preafiionB). 

I  Gresslya  Galatbea,  Agtmiz. 

1844,     {PUufimiya.}     ^  Myf?«,*  p.  230,  t.  XXtiti.  fi.  1^. 

Qealogical  ^miimh — ZoneK  of  Am,  angtiJatut^  Uedc&T  (inare)^ 
Slake  ft  Pit,  Ooatbam ;  A,  Burklnndi,  Rcdcar  and  Mar&ke  Bay ; 
Am.  oscp^otuB,  Robin  II  nod 'h  I^y, 

Gresslya  striata,il^  assiz, 

1844.  *  Myes,'  p.  219,  t.  xiiic,  fs.  7-9. 

Syn.     18r>5.  Area  i  subiriangularis.    Simpson.    *Fob8.  Y.  L.' p.  IIG. 

1855.  Venus  medissva^  id.  p.  122. 

1855.  Amphidesma  concavum^  id.  p.  125. 

Geological  position,  —  Zone  of  Am.  Jamesoni,  Robin  Hood's 
Biiy,  Hnntcliflf,  Coatham,  Langbargh. 

Gresslya  donaciformis,  Phillips, 

1829.     Amphiduma  donaciforme,    Phillips.     *Geol.  York.*  t  xii.  f.  5. 
1855.     Amphidesma  donaciforme  et  A.  irregulare.     Simpson,   l4x:,  cit. 
p.  124. 
Syn.     1828.     Donax  sp.    Young  and  Bird,  p.  224,  t.  vii.  f.  12  (probably). 

Well  distinguished  by  the  anterior  longitudinal  constriction. 
The  largest  specimen  examined  measures  2i  inches  in  width  and 
li  inches  in  height. 

A.  irregulare  is,  I  consider,  a  rather  short  and  stout  example  of 
O.  donariformis. 
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Geological  posiiion. — A  common  fossil  in  the  upper  part  of  the 
Alum  Shale,  but  also  occurs  in  the  JurenaU  h&ds  at  Peak. 

Gresslya  abducta,  Phillips, 

1829.     Unto  ahdueiui.    Phillips.    *  GeoL  York.'  t.  zi.  f.  42. 
Syn.     1855.    Amphidesma  rotundatum.    Simpaon.    *  Fobs.  T.  L.'  p.  124. 

The  type  of  this  species  is  from  the  Inferior  Oolite  of  the 
Yorkshire  Coast ;  it  resembles  O,  donaciformisj  but  is  more  ovate 
and  inflated,  is  without  the  longitudinal  constriction,  and  its 
posterior  side  is  shorter  and  more  rounded — characters  given  by 
SimpHon  for  A,  rotundaium^  though  the  specimen  perfectly  agrees 
with  Phillips's  figure  of  Unio  abdtictu8j  which  may  be  identical 
with  his  Amphidwma  rotundMtum,  A  large  specimen  measures 
2^  inches  in  breadth,  If  inch  in  height,  and  1^  inch  in 
thickness. 

Geological  position. — Zone  of  Am.  Jurensis  and  Inferior  Oolite, 
Peak. 

Gresslya  rotundata,  PhtUips. 

1829.     Amphvlesma  rotundatitm,    Phillips.      *GeoL  York.*  t.  xii.  f.  6. 

This  species  is  unknown  to  us,  if  it  be  distinct  from  G,  ahducta, 
young  examples  of  which  agree  very  well  with  Phillips's  figure 
of  A,  rotundaium.  Agas^iz  (considered  it  very  closely  allied  to 
his  G,  pinguis,  and  probably  identical  with  it ;  if  so,  then  the 
species  will  stand. 

It  is  quoted  from  the  Upper  Lias  Shale,  but  no  locality  is 
given. 

Gresslya  punctata,  Simpson. 

PI.  XIV.,  fig.  10. 

1855.    {Amphidesma.)    *  Fobs.  Y.  L.'  p.  124. 

*'  Subtriangular,  transverse,  beaks  approximate  incurved  ;  an- 
terior side  short,  angular,  with  a  broad  longitudinal  constriction, 
posterior  elongated  (imperfect),  transverse  striae  numerous, 
dotted,  or  reticulated." — Simpson. 

Dimensions. — Height,  2  inches  ;  thickness,  1^  inch ;  total  length 
(estimated),  3]^  inches.     Length  of  anterior  side,  1  inch. 

This  shell  has  some  resemblance  to  G.  Seebaehii^  but  it  is  more 
oblong  and  less  inflated ;  the  broad  depression  proceeding  from 
the  umbo  will  separate  it  from  all  its  allies,  excepting  G.  donaci- 
formis,  which  is  of  a  different  shape. 

Geological  position. — Sub-zone  of  Am.  armcUus^  Robin  Hood's 
Bay  (1  ex.  Whitby  Museum). 

The  Grossly  as  in  the  upper  part  of  our  Middle  Lias  have  had 
several  names  applied  to  them.     The  extremes  in  shape  are  con- 
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Hidomblei  Iviit  tliroe  typefi  may  he  selcclwl ;  aod  f  hough  go  verr 
good  oharactera  can  be  given,  jet  it  iii*y  be  convenient  to  call 
them  under  distinctive  ntimefl.  A  MerioK  nf  tranafomiatioos, 
commencing  with  ^  triangular  shell,  G.  Innulaia,  conducts  n« 
through  an  ovate  form,  0.  Se^iharMi^  to  an  oblong  or  nearly  cylin- 
drical one,  G,  intemtedia.  The  eiaminatioti  of  a  very  ooDsider' 
able  number  of  specimetits  in  various  stages  of  growth  induoet 
mcr  to  the  belief  that  the  diiitinctions  I  have  estatjlisbed  are 
fairly  foimdedL 

Gresslya  Itmulata,  Tafi. 
Fl.  XIL,  %  la 

0.  ronirata^  Af^X 
1855.     Ph&lQdanitfa  rtMiteUnUi,     hi  p.  127. 

Transversely  ovat«,  very  obliquo ;  lunbonefl  approximate,  i^miiU, 

incurved,  pM0t«d^  anterior ;  escuteheon  large,  coniat*> ;  anterior 
side  short,  trtmcat^d,  posterior  roujided  ajid  attenuated  ;  tranu- 
verso  striie  numerous,  irregular. 

P.  ro8tellata  is  founded  on  a  crushed  example  of  P.  rottlrata, 
which,  as  the  specific  name  is  occupied  by  a  Greul^^  ib  here 
re-named. 

Qeotogkal  po^ti(m.  —  Zone  of  Ajn.  marfjnritatfis^  Hawsker, 
Btaithes,  Hunteliff.     (Type  in  the  Whitby  Huseum.) 

Gresslya  Seebachfl,  Braum. 
PL  XIIL,  fig.  :i. 

1805.    *  Pnlax)ntographica,'  vol.  xiii.  p.  100. 
Syn.     1864.     GreMlya  ventricosa.    Seoboch.     *  Han.  Jur.'  t.  vi.  f.  i.  p.  128 
(non  Ag.). 
Amphidesma  macuUitum^  A.  suhtruncaium,  A.  Ueve.     Simpson 
'  Fobs.  Y.  L.'  p.  125. 
1829.  ?  Pholadomya  obliquata.     Thillips.     *  York.*  t.  xiii.  f.  15. 
1829.     Vnio  abductus  (pars).    Phillips.     *  Geol.  York.* 

This  is  one  of  the  commonest  fossils  in  the  margaritatus-heds, 
being  of  large  size  in  the  sandstones,  attaining  to  a  width  of 
3i  inches,  and  a  height  of  2  inches ;  it  then  agrees  with  See- 
bach's  figure,  except  that  our  shell  is  more  pointed  posteriorly. 
In  the  Upper  Marls  it  is  of  smaller  size  and  less  inflated,  but  is 
abundant ;  to  this  form  Simpson  has  given  the  name  Amphi- 
desma IcevCy  whilst  his  types  of  A.  maculaium  (which  is  slightly 
crushed)  and  A,  mhtruncatum  are  identical  with  the  shell  re- 
ferred to  G.  Seehachii, 

Crushed  and  distorted  examples  of  this  species  so  much  re- 
semble Phillips's  figure  of  his  Pholadomya  obliquata  that  I  am 
induced  to  place  the  name  as  a  synonym  under  Gresslya 
Seehachii. 


1855. 
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Phol^idomya  decarata^  Zieten,  has  been  considered  identical 
with  P.  chliquata,  Phillips,  apparently  on  the  gronnds  only  of 
thoir  obliquity  ;  but  the  figure  of  the  latter  does  not  represent 
any  radial  ribs,  and  its  resemblance  to  a  Chresslya  is  greater 
than  to  a  Pholadomya,  Moreover,  P.  decorata  does  not  occur  in 
the  Yorkshire  "  Marlstone,"  whence  P.  Miquata  was  obtained. 

Seebach  states  that  this  species  is  known  in  England  as 
Myacites  uniotdes,  but  my  experience  leads  me  to  differ  from 
him,  and  to  assert  that  Pleuromya  cotiata  is  commonly  called 
Myacites  uniotdes. 

It  is  probable  that  the  Unio  abductus^  Phillips,  quoted  by  that 
author  from  the  Yorkshire  *'  Marlstone,"  is  this  species. 

Geological  position, —  Zone  of  Ammonites  margaritcUus^  Hunt- 
cliff,  Rockcliff,  Staithes,  Robin  Hood's  Bay,  Roseborry,  Stokesley 
Hills,  &c. 

Gresslya  intermedia,  Simpson. 
PI.  XIII.,  fig.  8. 

1855.     Amphidemia,  *  Foss.  Y.  L.*  p.  125. 
Syn.     18.^5.    Mya  dtibia.    Simpaon,  loo,  cii.  p.  126. 
1855.     Pholadomya  Uevis.     Id.  p.  128. 

IS*29.?  Amphideifma    rotundatum    (pars).       PhillipB.      ^Qea\.   York.* 
Donax  sp.    Young  and  Bird,  p.  224  (probably). 

Simpson's  A,  intermedium  is  a  typo  of  the  more  frequently 
occurring,  whilst  his  M,  dubia  is  of  larger  growth,  and  com- 
parable with  specimens  obtained  abundantly  at  Hutton  and 
Slapewath  from  the  main  and  bottom  seams  of  ironstone. 

He  characterises  A,  intermedium  as  intermediate  in  shape  be- 
tween Amphidesma  rotundatum  and  A,  IcBve,  It  resembles  more 
G.  donaciformis,  from  which  it  differs  in  the  more  elongated 
shape,  curved  front,  less  inflated  umbones,  small  lunule,  and  in 
the  absence  of  the  longitudinal  constriction. 

Ordinarily-sized  specimens  measure  2j^  inches  in  width, 
Ij^  inch  in  height,  aud  1  inch  thick;  the  largest,  3i  inches 
wide  and  2  inches  high. 

Geological  position. — One  of  the  most  abundant  fossils  in  the 
Cleveland  main  seam  of  ironstone,  occurring  profusely  in  the 
N.  W.  mining  district;  also  at  Swainby,  Grosmont,  Sleights, 
Howdale,  &c  Zone  of  Ammonites  margariteUus,  in  the  bottom 
seam  of  iromjtone,  especially  at  Slapewath  and  Hutton,  in  the 
position  of  life.     Also  Staithes,  Grosmont,  Hawsker. 

Pleuromya  Hasina,  Schuhler. 

1830.    {Unto.)  In  Zieten*8  *  Verst.  Wtirt.*  p.  81,  t.  bd.  f.  2. 

Geological  position. — Zones  of  Am.  Bucklandi,  Redcar,  Bobin 
Haxl*8  Bay ;  A.  angulatus^  Redcar. 

M  2 
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Pleuromya  crassa,  Ai^aAdz. 
1843.    '  El.  Crit.  Wyes,  Ac'  p.  240,  t  Mviti,  h.  *-6. 
Geological  powlMw.^Zone  of  Am.  Backlandi,  Redcsiir, 

Pleuromya  ovata,  Edmer, 

1839-     ilAdrariaJ)     *OoL  Geh.  Nachtr*  p,  xli,  t  xii,  f.  27. 
Syn.     1855*    AmphiiU^ma  veniricomm.    Simpson.    '■  Foai.  Y.  I**  p,  12&, 

Geological  posiiiorK — Zones  of  Am.  armattis,  Robin  Hood's  Bay, 
High  Stone,  Redcar,  Waiter;  A.  Jame^oni,  Robin  Hood'e  Baj, 
Hunt  cliff,  C-oatham,  Korraanbj  Drift,  Opsall  Pit,  Easby,  Chop 
Gatei,  Bilfldal«  ;  A.  cuprtwrnm^  Himtcliff,  Hummersea- 

Pleuromya  costatHj  Tonng  and  Bird. 

PL  XIIL,  fig.  9. 

Igae.    {Unio.)    * GwK  Siir/  t.  Tiii-  f  7,  p.  223. 
1S55,    (AmphidfjfTTta.}    Simpiion.    *Foss.  Y,  L/  p.  123. 
8ja.     1855.    Miftt/cmigiufJi.    Siiiipaon.    Id.  p.  126. 

This  common  fossil  in  the  flpino^fur-bede  nf  Yortsbir©,  and  of 
other  parts  of  England  and  uflnaUy  named  Myadtes  nnimdes^  ig 
an  elongated,deeply  grooved,  Terf  inequilateral  shell,  resembling 
P.  Uasina,  Schtibler,  and  P.  unioidm,  Rom.,  from  which  it  is  dis- 
tinguiahable  by  ita  ehort^  truncated  front.  It  presents  consider- 
able variation  in  shape. 

That  form  wliioh  best  agret^  with  Unio  eostatns,  Y.  and  B,,  i& 
confined  to  the  main  seam  of  ironstone  and  a  few  beds  above  it. 
At  Staithes,  Kettleuess,  and  Hawsker,  it  is  moderately  high  and 
inflated,  not  much  attenuated  behind,  and  deeply  grooved. 
Young  and  Bird  compare  it  with  Unio  Listeria  Sow.,  *'  exactly 
corresponding  with  it  in  form  and  size,  but  deeply  and  concen- 
trically ribbed."  Simpson  describes  it  as  *•  subtriangular,  very 
inequivalve,  beaks  incurved,  approximate,  anterior  side  trian- 
gular ;  posterior  side  elongated  and  slightly  recurved ;  bajse 
convex;  transverse  ribs  numerous,  strong,  rounded,  equal  to 
intervening  concave  furrows  transversely  striated."  Dimensions 
usually  about  2  inches  wide,  1 J  inch  high,  nearly  1  inch  thick. 

A  more  elongated  and  neater  form  with  slender  ribs  abounds 
in  the  soft  oolitic  ironstone  in  the  N.W.  district;  its  aver- 
age dimensions  are,  width  2  inches,  height  1  inch,  thickness 
^  inch. 

Another  called  M,  ferruginea  by  Simpson  connects  the  latter 
with  the  former,  but  attains  to  a  large  size  ;  it  is  deeply  grooved, 
but  much  produced  and  attenuated  posteriorly.  Dimensions: 
width  3}^  inches ;  height  2  inches. 

Geological  position. — Zones  of  A.  cnpricornus,  Hnmmersea ;  A. 
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Jamesoni,  Huntoliff,  Bobin  Hood's  Bay ;  Am,  margariUUua,  Hunt- 
clifif,  Staithes,  Hawsker ;  Am,  gpifMku  (passim) ;  Am.  annulattu 
Hob  Hill,  Boosbeck. 


Pleuromya  rotundata,  Zieten. 

1830.    Amphidetma  rotundatim,    *  Vent.  Wiirt/  t.  Izxii  f.  2,  p.  95. 
Oeological  position, — Zone  of  Am,  emmdaius,  Skelton  Park  Pit. 

Pleuromya  bituminosa,  Spec.  nov. 
PI.  Xn.,  fig  9. 

Transversely  ovate  elongate,  with  thick  striated  ooncentric 
ribs ;  anterior  side  very  short,  convex ;  posterior  side  produced, 
compressed  and  roundly  truncated ;  front  margin  slightly  con- 
vex ;  Timbones  rather  large,  incurved,  approximate.  Is  less  in- 
flated in  the  umbonal  region  than  P.  costata,  and  has  a  shorter 
anterior  side  than  it,  and  differs  from  its  congeners  in  its  trun- 
cated posterior  margin.  Dimensions :  width  1^  inches,  height 
I  inch. 

Geological  position, — Zone  of  Ammonites  serpeniinus,  Skelton 
Park  Pit  and  Staithes  (2  exs.). 

Pleuromya  granata,  Simpson, 
PI.  XIII.,  fig  7. 

1855.     Ventuffranata.    Simpson.     'Fobh.  Y.  L.*  p.  121. 

"Ovate,  equivalve,  inequilateral,  transverse;  anterior  side 
short,  roimded,  obtuse ;  posterior  elongated,  depressed,  rounded 
(or  subtruncated),  base  convex ;  beaks  (incurved,  broad,  inflated), 
approximate.  Transverse  striao  numerous,  fine,  unequal,  dotted 
all  over  with  small  granules.  Width  5  inches,  height  2  inches, 
thickness  IJ  inch." 

The  shell  varies  from  ovate  to  ovately  oblong,  and  resembles 
P.  meridionalis,  Dumortier,  but  is  not  so  much  produced 
posteriorly. 

Chological  position. — Neither  locality  nor  horizon  is  given  by 
Simpson  for  this  species;  but  we  have  obtained  it  from  the 
margaritatus-heds  at  Staithes. 

Pleuromya  Dunkeri,  Terquem. 

185;').     *  Pal.  de  Hettange/  p.  284,  t.  xviii.  f.  13. 
Gcolmjical  poail ion.  — Zorm  of  Am.  Bucklandi,  Marbke  Bay  (1  ex.). 
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Pleuromya  mundula,  Sp&.\  «or, 
PLXIL,  fig,  11, 

Sliell  ovately-elliptioal,  transverse,  depressed,  subeqnilateral ; 
nmbones  smnl],  depressed,  t^nbmddialH,  trane verse,  coutigiioiis ; 
anterior  side  broad,  mftrgin  arcuate;  poaterior  side  somewhfit 
narrowed  aud  produoed,  margin  rounded;  front  tnai^iu  curvefL 
Surface  wrinkled  and  striat^sd  concentrically*  Lnnule  small, 
lanceolate;  eBotitclieon  ofirrow  and  deep.  Dimensions:  nv^idib 
2fy  inchea  ;  height  1  i^c^lncli ;  tbickneiiijii  ^^  inch ;  wldtli  of  an- 
terior side  ^\  inch,  ponterior  ]  J  inch. 

P,  mujtdnla  has  much  the  aspect  of  an  Arccmitfa,  and  diflbrs 
from  all  the  Lia^sio  spcciea  of  the  genus  in  its  narrow,  eubet|ui' 
lateral  form* 

Oeohgiml  pomtion, — Zone  of  Am.  murffaritaius^  Unntciiff, 
Btaithas* 


Pleuromya  Crowcombeia,  Moctr^. 
PKXIIL,fig,  10. 
186L    PUrmnm.    *Qu»rt  Jour.  Gepl.  Soa'  td.  im  1. 1?.  fa.  22,  23, 

p.  rm. 

Vulloy/  t.  vii.  f.  m  (nim  8ehlotheim). 

Tb©  m-mlled  M^adtes  mmcttloides,  m  well  known  to  coUoctoDi 
in  the  basal  or  White  Lias  beds  of  the  Severn  Valley,  occurs 
in  Yorkshire  on  the  samo  horizon,  conBtitutitjg  the  main  uiasx 
of  its  limestoneB.  It  is  incorrectly  referred  to  Schlotheim*** 
species. 

The  shell  is  inequilateral,  with  pointed  umbones  of  moderate 
size ;  the  front  is  strongly  arched  and  the  posterior  side  is 
recurved  superiorly  and  much  attenuated,  giving  it  the  aspect  of 
a  Ceromya ;  not  unfrequently  an  ill-defined  keol  proceeds  from 
the  umbo  to  the  antero-posterior  angle ;  the  surface  is  usually 
strongly  grooved  concentrically,  and  the  cast  exhibits  a  few 
radial  lines.     Width  1  inch,  height  y^  inch. 

The  Yorkshire  shells  are  matched  by  one  from  the  White 
Lias  of  Somersetshire,  in  the  Bath  Museum,  named  Pteromya 
Crowcombei  by  the  author  of  the  species,  else  I  should  not  have 
assigned  our  specimens  to  it.  Associated  with  these  indubitable 
examples  of  P.  Crowcombei  are  very  large  shells,  seemingly  adult 
forms  of  that  species,  but  which  have  a  strong  resemblance  to 
Ceromya  infra-liassica.  Peters  (Lias  von  Funfkirchen,  t.  i.  fs.  1-3, 
1863). 

Geological  position, — Zone  of  Am,  planorbts  (lower  part),  Slake*8 
Fit,  Coatham  ;  Eston  Gypsum  Pit;  Foxtori  and  near  Northaller- 
ton ;  about  Thornton-le-Street  (not  in  situ) ;  Cliflf. 
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Pleuromya  aequalis,  Simpson, 

PI.  XIV.,  fig.  8. 

1855.    (Amphidesma.)    •Foas.  Y.  L.*  p.  125. 

**  Subeqiii lateral ;  posterior  side  the  longer ;  transversely  and 
obsoletely  striated." — Simpson. 

An  incomplete  specimen  ;  the  posterior  extremity  is  gone  and 
the  anterior  margin  partially  obliterated.  The  produced  ante- 
rior side  combined  with  its  subinflated  form  distinguish  it  from 
other  liassic  species.  Dimensions:  height  1^  inch,  greatest 
thickness  f  inch ;  estimated  length  2^  inches ;  length  of  anterior 
side  ^^  inch. 

Horizon  and  locality  unknown,  but  because  of  the  smooth 
shale,  without  mica  adherent  to  the  specimen,  I  ventxire  to 
assign  it  to  the  Alum  Shale.    Specimen  unique,  Whitby  Museum. 

Pleuromya  contracla,  Simpson. 
PI.  XVI.,  fig  9. 

1855.     {Amphidetma.)    Op,  eit.  p.  124. 

**  Equivalvc ;  for  half  the  width  subcylindrical ;  anterior  side 
very  short,  obtuse ;  posterior  angular ;  width  more  than  twice 
the  length." — Simpson. 

The  unique  type  is  a  rubbed  cast  with  the  posterior  end 
slightly  worn,  the  surface  shows  a  few  concentric  folds.  Width 
1  '5  inch ;  length  -7  inch  ;  thickness  •?  inch. 

"  Upper  Lias,  Whitby.*'     Simpson  (Whitby  Museum). 

Pleuromya  ?  elegans,  Phillips. 

1829.    SanQuinolaria.    *GeoI.  York.*  t.  xii.  f.  9. 

I  have  not  seen  any  examples  of  this  species.  It  is  recorded 
from  calcareous  nodules  in  the  Upper  Lias  and  from  the  Lower 
Lias.  The  type  seems  to  belong  to  the  Upper  Lias  and  to 
have  some  affinity  with  P.  Crovscombeia. 

Ceromya  gibbosa,  Etheridge. 

1863.    *  Quart.  Jour.  GeoL  Soc.'  voL  xx.  p.  112,  fa.  3,  4. 
Syn.     1850.    If^Kardia  Elea.    D'Orbigny.    *  Prod.'  vol.  i.  p.  218. 

The  specific  identity  of  C.  gibbosa  and  J.  Elea  results  from  a 
comparison  of  the  two  tyjKJs,  but  the  diagnosis  of  the  latter  is 
insufficient  to  establish  the  species. 

Geological  position. — Zone  of  Am.  attgulattis,  lledcar  (2  exs.). 
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Ceromya  petricosa,  Simpsm, 
PIXIV.,%  la,k 

Bfh.     1867.     IgocaTtiia  lioMiira.    Moore,     ^  Up,  and  Mid,  Umo^*  p,  101,  t-  Tii* 

f.3, 

*'  Subtriangular,  ventidcoHe,  inequilateral,  transverse;  anterior 
Hide  short,  i>btHRe,  roandecl ;  pcrtiterior  side  subangnlar,  depressed, 
rounded ;  base  convex ;  be^iks  reinourved,  approximato ;  trans- 
veree  stria  numeronsj  fine,  unequal  (dottxjd  all  over  with  small 
__  anules).  Width,  U  inch."  SimjfBton,  The  ehell  is  smocrth 
•  *nd  ihtning,  but  I  fail  to  recognise  the  graniilations  attribot^'d 
t^  it  by  SimpBon.  Having  seen  the  typas,  1  confidently  assert 
that  iMocurdia  lia^ca  and  Vmnts  petncom  are  idcnticah 

Oeological  pmition.^Ztme^  of  Am.  margaritatus  (upper  bada), 
8taithes  (not  rare),  Hiiwsker ;  Am.  sphmtu^,  Hutton,  neat 
Guiflhorough  (1  ei,)»  Staithee- 

Ceromya  borabax,  Quemtedt^  i^ 

1858.    (Venwt.)    '  Jura/  i  ^tii,  f,  21,  p.  189, 

1871.    {hfxjardia.)    Bmuna.    '  Unt.  Jura/  t  iL  f».  fi-7,  p.  328. 

Ytmng  sheUe  of  this  spetnee  are  ovately-orbicular,  moderatel^^ 
convex  and  nearly  equilateral ;  in  one  uxaniplc  the  pc«terior  side 
is  the  shorter.  I  have  a  few  wpecimene  ftjp-tjeitig  in  size  and 
shape  with  Brauns**j  figure,  the  hinge  diaractars  of  which  are 
th<ise  belonging  to  Ceromya;  it  is  the  most  equi valve  of  the 
genus. 

Qei^logkal  p^i^tion^^^liOXi^  of  Am.  spinaiwf,  Eston,  Upleatham^ 
and  Hob  Hill  Minrn, 

Ceromya  sublaevis,  Spec,  nov. 
PI.  XI L,  fig.  6. 

Shell  subtrigonal,  ventricose,  thin ;  slightly  inequilateral ; 
umbones  inflated,  depressed  and  involute,  nearly  central  ;  ante- 
rior side  rounded,  posterior  side  truncated,  attenuated ;  front 
margin  much  curved :  lunule  broad,  shallow ;  surface  with  fine 
and  closely  arranged  ridges  of  growth ;  actite  anteriorly ; 
depressed  on  the  posterior  side.  Breadth  3|  inches;  height 
3  inches ;  thickness  nearly  2  inches.  Mr.  Lee  has  one  specimen 
measuring  3\  by  4  inches. 

This  species  resembles  C.  gihhosa,  but  has  a  more  circular  out- 
line more  gracefully  rounded  anteriorly,  and  the  posterior  side 
not  so  produced  but  abrujitly  truncated ;  the  umbones  are  more 
inflated  and  elevated.  Its  systematic  position  is  placed  beyond 
doubt  through  the  characters  afibrded  by  the  interior  of  a  le/i 
valve,  especially  that   of  an  erect  lamina    confluent  with   the 
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hinge  beliind  the  umbo,  beneath  which  it  originates,  gradually 
increasing  in  breadth,  and  abruptly  truncated  behind. 

Geological  /xMtlum.— Zone  of  Am.  spincUus,  Hob  Hill,  Up- 
leatham,  Eston,  and  Belman  Mines  (8  exs.). 

Ceromya  exarata,  Tate. 
PL  Xni.,  fig.  6. 

Syn.     1828.     Cardiia  nitida.    Young  and  Bird.    '  (xeol.  Sur.'  p.  227,  t.  viii. 
f.  22. 
1855.    iBoeardia  nitida,    Simpson.    *Fob&  Y.  L.'  p.  119. 

Shell  snbglobose,  nearly  equilateral ;  umbones  prominent,  invo- 
lute, contiguous ;  posterior  side  subtruncated,  the  slope  divided 
into  two  areas  by  a  shallow  sulcus,  beyond  which  the  shell  is 
depressed,  as  if  it  were  attenuated  in  this  part.  Surface  raised 
into  dosely-set  rounded  ridges  of  growth,  with  narrower  inter- 
spaces.    Size  not  exceeding  half-an-inch  in  height  and  width. 

All  the  known  specimens  of  this  species  are  casts,  they  are 
found  in  the  limestone  doggers,  and  present  a  smooth,  shining 
exterior.  Young  and  Bird  considered  this  species  as  related  to 
Cardita  nmilis,  Sow.,  but  smaller  and  concentrically  ribbed; 
their  figure,  quite  unintelligible  without  a  specimen  of  the  shell 
before  you,  represents  an  end  view.  Though  better  placed  by 
Simpson  in  the  genus  Isocardia,  and  sufSciently  described  by 
him,  yet  it  is  advisable  to  apply  a  new  name,  as  Isocardia  nitida, 
Phillips,  is  a  well-established  species,  differing  from  the  present 
species  but  congeneric. 

Geological  position, — Zone  of  Am.  serpentinua,  Kettleness; 
AVhitby  (Whitby  Museum). 

Thracia  Grotiani,  Brauns. 
1871.    *DieUntere  Jura,'t.iif8.3,  4,p.314. 

The  identification  is  not  the  most  satisfactory  ;  the  differences 
may,  however,  be  due  to  age. 

Geological  position, — Zones  of  Ammonites  capricomus,  Huntcliff; 
A.  margariiatus,  Staithes,  and  A,  spinaAus,  Eiston  Mines  (an  ex. 
from  each  zone). 

Thracia  glabra,  Agassiz. 

1843.    (Corimya,)    *  Etudes,  &c.  Myes.*  p.  265.  t.  xxxviii.  fii.  5-15. 

Geological  position, — Zone  of  Ammonites  communisy  Boulby  and 
Slapewath  Alum  Works  (3  exs.  no  locality,  Whitby  Museum). 

GE^us  Arcomya,  Agassiz. 

These  are  Pleuromyce  with  an  Anaiina-like  form,  and  recurved 
uniboncb  ;  earlier  authors  named  them  Sanguinolana. 
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Arcomya  vetusta,  PhiUipe, 

1829.    {SangninoUria.)     *  Geol  York;  p.  14, 1  i 

tWi.     (Sanguinolaria.)     Sitap^m.     *  Fom.  Y.  ll,'  p.  130. 

Blidl  tan^ticoidal,  trans  verBe  ;  an  tenor  side  short,  margiii 
rounded  ;  pottdrior  nide  compre«iii^  and  (^nl&rged,  margin 
obliqitoly  troncated ;  an  obtnsse  keel  proceeilis  from  tiebiud  the 
umbo  to  the  posterior  angle ;  front  margin  itrftight :  uniboiie«i 
ed,  incurved,  approximate,  anterior  surface  raiscii  into 
d0pre§Bo4  plications,  and  finely  Btriated  ;  tht^  plications  are  pro- 
mi  nc^nt  on  the  ntnlK>nal  region.  Breadth,  3  ioohee ;  beiglit^ 
H  inch;  thicknese,  j%  inch* 

Q&jiogimi  pomiion^—Thti  species  is  almost  confined  to  the  zone 
of  Am.  ammtm,  at  Robin  Hood'e  Iiaj%  Kirby  llnderdale,  and 
Warter,  whence  we  have  obtained  a  few  eJctunpltJH  agreeinH  in 
all  particulars  with  rbillips's  figure ;  but  a  few  smalJ  »b<^l!)^ 
from  the  uppermost  part  of  the  oas^o/w^beds,  Hobin  IIood'*i 
Bay,  aro,  dQubtlc^  young  ex  am  pies  of  this  specie*. 

in  addition  to  tho  locJility  of  the  type-speeimon  *'  Lower 
shale  "  Kobin  Hood^H  Buy,  l^btllips  rceonls  his  si^ecies  from  tJie 
'*  Marlatono  Koseberry,"  but  it  ia  prolmble  that  jlroiwt^  areaoso 
wan  ibenee  obtained. 


Arcomya  elongatSj  Rvmw. 


SyiL 


1836. 
1«50. 


Pafiojma  dongala.     Eiimer.     *Ool,  QtK*  t.  vtil.  f  I. 
SiiuQuitmiaria   striaia.     Buckman. 

f/lO. 
Pftfuypxa  Pelea.    D'Orbigny. 


12R. 


'Oool.  Chclicnhftiu,'  t.  x. 
*  Prod.  1/  p.  23SI. 


Thi&  m  an  elongateti  shell,  not  likely  to  W-  €onfoiiiid**fl  witli 
the  last,  and  is  not  known  beyond  the  confines  of  the  united 
zones  of  A.  Jamesoni  and  A.  Ibex  in  England,  France,  and 
Germany. 

Geological  position, — Zone  of -4m.  Jamesoni,  Huntcliff',  Coatbam, 
Normanby,  Easby,  Robin  Hood's  Bay. 

Arcomya  arcacea,  Seehach. 

18fl4.     {Pleuromya.)    *  Hannov.  Jura,*  t.  v.  f.  iv.  p.  128,  id. 
1871.     {Pleuroniya.)    Brauns.     *  Unt.  Jura,' p.  307. 

Geological  position, — Zones  of  A.  margantatxis,  Staitbes,  Ilunt- 
cliff";  Am,  spinatus,  Kettlcncss,  Hawsker. 


Arcomya  longa,  Buvignier. 
PI.  XL,  fig.  II. 

1853.     <  Pattojma.)     'Geol.  Meuae,'  t.  vii.  fs.  1-3,  p.  (j. 
8yn.     1853.     Panopxa  Broliemis.     Buviguicr,  id.  t.  viii.  fs.  6,  7,  p.  6. 

Moderate-sized  specimens  of  the  largo  Arcomya  in  the  Clevo- 
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land  ironstone  agree  in  shape  and  ornament  with  P.  longa,  Bnv., 
and  tbe  description  accords.  A  character  possessed  by  our  shell 
is  not  given  by  Buvignier — it  is  that  of  a  broad,  just  perceptible 
depression  in  the  axis  of  the  umbo.  An  example  with  a  shorter 
anterior  side  agrees  with  P.  Brolienna,  but  it  is  not  separable 
from  A,  longa. 

Geological  position. — Zone  of  Am,  spinattis,  only  in  the  oolitic 
portion  of  the  ironstone,  Eston,  Upleatham,  Hob  Hill,  and 
mines  near  Guisborough,  Hotham,  Dalton  Koad,  Market  Weigh- 
ton.  Buvignier's  types  are  from  the  Calcaire  sableux  superieur 
du  Lias  at  Breux. 

Arcomya  concinna,  Spec.  nov. 
PI.  XL,  fig.  1. 

Shell  transverse,  oblong,  elongate,  inequilateral,  depressed; 
umbones  small,  prominent,  incurved,  contiguous,  anterior  hinge 
straight;  anterior  side  slightly  concave,  produced,  the  margin 
semicircular ;  posterior  side  produced,  attenuated ;  front  margin 
nearly  straight.  Surface  with  slender  concentric  plications  and 
striae,  densely  granulated.  Breadth,  2^  inches ;  height,  1^  inch ; 
thickness,  J  inch. 

Compared  with  A.  arcacea,  this  species  presents  the  following 
differences :  depressed,  not  so  vontricose  in  the  umbonal  region, 
tapering  behind,  and  without  a  posterior  keel.  The  smallest 
example  of  A.  longa  is  half-an-inch  broader  than  the  largest 
specimen  of  A.  concinna,  and  presents  all  the  distinctive  cha- 
racters of  the  species,  so  strikingly  different  from  those  of 
A.  concinna,  that  I  cannot  yet  admit  tliat  the  one  is  the  adult  of 
the  other. 

Geological  position. — Zone  of  Ammonites  spinaius,  Eston,  Up- 
leatham, and  Hob  Hill  Mines  (not  uncommon). 

Arcomya  hispida,  Simpson. 

PI.  XIV.,  fig.  3. 
1855.    {Mya.)    •Foes.  Y.  L.'  p.  126. 

"  Very  inequilateral,  very  transverse ;  posterior  side  much 
produced,  slightly  curved  upwards ;  upper  and  lower  sides  nearly 
parallel,  transversely  striated,  and  covered  with  fine  points; 
width  nearly  four  [three]  times  the  length.  This  is  so  trans- 
verse that  it  has  a  good  deal  the  appearance  of  a  blade  of  a 
knife ;  rather  tumid  about  the  beaks." 

This  proves,  on  removal  of  the  matrix,  to  be  a  fragment  of  the 
hinge-line  of  an  inequilateral  Arcomya^  of  greater  width  than 
originally  described,  and  presenting  characters  which  separate 
it  from  the  other  Yorkshire  species  of  the  genus. 

Geological  position. — Zone  of  Am.  margaritatus  (Whitby  Mus.). 
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CLASS  FALLIOBRANOHIATA. 

By  RALPH  TATE. 

The  Palliobranch  or  Bracbiopod  shells  of  the  Yorkshire  Lias 
have  received  from  a  very  eany  date  a  considerable  share  of 
attention,  from  the  circumstance,  no  doubt,  of  their  relative 
abundance.  Sowerby  in  1826  named  his  Discina  reflexa  from 
Yorkshire  examples.  Young  and  Bird  in  1828  figured  and  gave 
short  notices  of  several  species,  of  which  we  may  venture  to 
particularise,  Discina  reflexa^  Terehratula  punctata,  Bhynchonella 
tetrahedray  B,  lineata,  and  B.  calcicosta.  rhillips  (1829)  added 
to  the  list  Spiriferina  Walcotti,  Bhynchonella  acuta,  and  Tere- 
hratula rempinata  ;  and  Oppel  (1856),  Lingula  LongovicenaiSy  and 
Spiriferina  Tessoni ;  and  finally  Simpson,  who  records  several  of 
the  above  under  different  names,  desciibes  as  new  species  Wald- 
heimia  Sarthacensia,  D'Orb.,  and  BhynchoneUa  plicatissima,  Quenst. 
Thus,  eliminating  all  synonyms,  our  predecessors  have  handed 
down  to  us  12  well-established  species;  to  this  number  we  add 
12,  including  some  rare  forms  and  two  new  species. 

It  is  with  the  greatest  pleasure  that  I  acknowledge  the 
valuable  aid  rendered  to  me  in  this  department  of  PalsBontology 
by  Thomas  Davidson,  Esq.,  F.B.S.,  whose  truthful  delineations 
of  ^  orkshire  liassic  Brachiopoda  on  plate  15  presented  to  us, 
demand  attention.  His  critical  remarks  upon  the  specimens 
submitted  to  him  have  been  fully  appreciated,  and  we  are  in  the 
main  agreed  upon  the  validity  of  the  species  which  are  described 
in  the  following  pages. 

Lingula  longovicensis,  Terquem. 

PI.  XV.,  figs.  1  to  4. 

1850.    *  Bulletin  Soo.  G^l.  de  France/  vol.  viii.  2nd  ser.  p.  12. 

1854.    Chapuifl  and  Dewalqne.  '  PaL  de  Loxembourg,'  p.  234,  t.  xxxy. 

f.  5. 
1856.    Oppel.    *  Die  Jurafonnation,' p.  266. 
Syn.    1855.    Ldngula  ffenusta.    Simpson.    *  Fobs.  York.  Lias,'  p.  130. 

This  small  species  is  separable  from  L.  Beani  by  its  ovate 
lanceolate  form ;  fig.  3  represents  the  largest  specimen  that  we 
have  collected,  it  measures  ^  inch  in  length,  and  ^  inch  in 
breadth  ;  it  is  a  mould  of  the  interior  of  the  dorsal  valve  exhibit- 
ing casts  of  the  elongated  impressions  of  the  adjuster  muscles. 

Specimens  of  L.  venuata,  Simpson,  in  the  Whitby  Museum,  are 
characteristic  examples  of  the  species. 
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Thia  tofit  i«  vmy  membmnaot^otis,  extreinely  thin,  and  exier^ 
nail  J  of  whitish-bin  0  coloTir* 

The  specicfl  was  first  rccoixlod  m  BritrBh  bv  Simpson,  tmder 
the  above-qiiotefi  name*  from  exampl*^  ohtaintMl  at  WkitW, 
Oppel  quotes  it  from  tho  same  locality  under  tho  tmtno  that  Ih 
here  adopted. 

Qmhgknl  poeUwn, — Zone  of  A.  cammunitt.  Whither,  30  fe^l 
below  the  jrfriofuiiM *  heds  (Birapeon);  Alum  Bluili^  Whitb}- 
(OjJitel)  ;   Alum    Bhale,    East    Amclitfe,   Oltuztrduli^   (3   ex&.): 

igstan  Wood  3J  miles  west  of  Northallertou  (1  tjx<)j  Bkelton 
Park,  and  Long  Aercfi  Pit  Sinkings,  near  to  the  hrtse  of  tli« 
Alum  Shale  (oommon). 

LingUla  sacculUS^  Ohapui»  and  Dmmlque, 

ISM.    *  FoM.  d«  Lxuiomboure/  t  %xx\.  f.  4,  p.  2B:1 
fiju.    I8ei3.    L.  VciUtL    Dpiilongpljinnpe.    '  Bull  §hm%  Linn,  do  NcmnoBdlc?,* 
\*qI  vii.  t  iv.  h.  7  M. 
ISIS&.    Dotnortiop,    *  Ihtp.  JumM.'  toI,  iii,  t.  uiiT.  fa.  1-2, 

The  e[>ocitnons  of  Lin  guise  ohtained  from  the  Middle  Idua  in 

Ytrrkt^hire,  and  wliich  seem  ti>  agree  with  the  figures  of  L. 
satUfAlm  of  Chapuis  and  Dewalque,  have  some  re*.enihlance  with 
L.  I^eanii,  from  which  they  differ  iji  btnng:  more  puinte<l  apicallv, 
whilst  that  specie*  has  a  more  trnncated  shell ;  so  that  X.  saccufus 
has  a  Mnhovate  out  Sine,  whilst  that  of  i,  Beanti  is  ovate  oblong. 
1'he  test  of  L,  Beanii  is  remarkably  thick  and  of  a  light- blue 
colour^  that  of  L.  «mmhin  is  thin  and  of  a  hlack-bhie. 

This  species  has  Uf^ually  been  quoted  as  X.  VolUii,  Terqnem 
(•  Bull  Soe.  G6ol.  de  France/ vol,  viii.  t.  i.  f.  2,  IB50),  the  descrip- 
tion and  figures  of  which  do  not  admit  a  doubt  as  to  its  identity 
with  L.  Bittnn.  L.  Voltzii  of  Dos!ot>gcbampft,  and  of  Bumortier, 
apparently  belongs  to  L.  sacculus.  An  occasional  specimen  of 
one  or  other  species  may  be  found  of  an  intermediate  form,  but 
I  cannot  accept  an  aberrant  example  or  so  as  proof  of  identity  of 
L.  Bcanii  and  L.  sacculus,  when  so  very  many  specimens  of  each 
have  been  observed  to  exhibit  a  common  character  each  to  each. 

L.  Beanii  is  known  to  me  only  as  an  Inferior  Oolite  fossil  in 
Yorkshire,  and  there  is  no  proof  of  a  greater  antiquity  for  it. 

Geological  position. — Zone  of  Ammonites  spinatuSj  Kettleness 
(1  ex.);  Upleatham  (3  exs.);  A,  armatus.  Staple  Hole  Quarry, 
Langbargh  (4  exs.,  dwarfed). 

Discina  reflexa,  Soicerhy. 

PI.  XV.,  figs.  6,  6. 

1826.  (OrUculu.)    *  Min.  Con.'  t.  dvi.  f.  1,  p.  134. 

8yn.     1816.  PatelJu  Uevis,     Sowerby.    *  Min.  Con.*  t.  cxxxix.  f.  3  (non  4). 

1828.  Patella  Itevis.   Young  and  Bird.   *Geol.  Sur.'  p.  249,  t.  xi.  f.  10. 

1861.  Discina  orbicularis.    Moore.    *  Geologist,*  vol.  i.  t.  ii.  fs.  16-18. 

The  type  of  this  species  is  from  the  sandy  beds  surmounting 
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the  Upper  Lias  cement  beds  at  Blea  Wyke,  which  we  class 
with  the  Inferior  Oolite.  However,  2>.  reflexa  seems  to  have 
made  its  first  appearance  in  the  Alum  Shale,  but  the  examples 
from  this  horizon  are  smaller  than  those  from  the  Inferior 
(Jolite. 

The  upper  shell  has  been  figured,  and  the  under  side  of  the 
attached  valve  has  been  described,  but  the  interior  of  the  latter 
has  hitherto  been  unknown,  it  is  represented  on  fig.  6a.  The 
small  oval  foramen  for  the  plug  is  pmced  in  the  middle  of  the 
prominent  rather  small  muscular  disk,  from  which  radiate  upon 
the  smooth  surface  a  few  striae. 

An  immature  example  of  this  species  from  the  Alum  Shale  of 
Whitby  is  figured  by  Sowerby  under  the  name  of  PaieUa  Isevia, 
which  Oppel,  *  Die  Juraf.,*  p.  267  wrongly  refers  to  Lingula  Longo- 
vicensia  ;  D.  Davidaoniy  Moore  represents  the  species  in  a  similar 
condition. 

The  majority  of  the  specimens  from  the  Upper  Lias  are  more 
or  leas  flattened  by  pressure,  in  which  state  they  agree  in  form 
with  D,  papyracea,  Miinster,  and  to  which  species  Oppel  referred 
specimens  from  the  Alum  shale  of  Whitby.  My  opinion,  from  a 
careful  examination  of  many  specimens  in  diflbrent  states  of 
preservation  and  of  different  sizes,  is  that  all  the  above  references 
belong  to  D.  reflexa. 

Oppel  considered  D.  papyracea  as  distinct  from  D.  reflexa, 
and  referred  to  it  the  specimens  mentioned  by  Sowerby  as 
coming  from  the  Alum  shale  of  Whitby,  and  thus  sought  to 
limit  D,  reflexa  to  the  Inferior  Oolite. 

D.  reflexa  as  a  Yorkshire  Lias  fossil  has  been  recorded  by 
Phillips  and  Simpson.  It  is  very  commonly  parasitic  on  Ammo- 
nites cornucopia  which  is  most  abundant  in  the  zone  of  A.  serpen- 
tinus,  but  we  have  not  found  such  a  specimen  in  situ.  This  has 
been  noticed  also  by  Dumortier  in  the  Lias  of  the  south  of  France, 
and  he  has  hence  called  the  species  D.  cornucopia. 

Geological  position. — Zone  of  A.  communis^  Whitby ;  Lofthouse 
Alum  Works ;  Pit  sinkings,  Skelton ;  Carlton  Moor  Alum 
Works,  Stokesley.     A.  Jurensis,  Peak. 

Discina  Holdeni,  Tate. 

1867.    *  Quart.  Jour.  GeoL  Soc.'  vol.  xiii.  p.  314. 
Syn.     1805.    IHncina  sp.  Terquem  and  Piette.  *  Llaa  Inf.  de  TEst  de  France/ 
t.  xiv.  fa.  33-34,  p.  113. 
1871.     Orbicula  angtdaia.  Quenstedt.  *  Die  Brachiopoden,'  t.  Ix.  f.  113. 

I  refer  to  the  above  species,  which  is  distinguished  from  D. 
reflexa  by  its  central  apex  and  well-marked  concentric  ridges, 
three  immature  shells  obtained  by  Dr.  Wilson  from  the  Buck- 
landi-heds  at  Marske,  and  by  myself  from  a  well-sinking  at 
Kedcar,  in  the  lower  part  of  the  series. 


4 1 G  PALiEONTOUOaY, 

Thecldea  belemniUca,  S^ec,  itt*. 
Ph  IV.,  fig.  6. 

llie  tntenial  surfAoo  of  the  attached  Talvo  rf  a  Bpade**,  proV 
Ablv  of  tbis  gemifi,  is  exbibifced  on  two  rtpocimens  of  JQirlcfiniiiJdi 
irA«rmot*^^£?n*t*.  It  him  the  ah4if>e  of  a  Thocifka^  being  longer  thmt 
broac] ;  hiiige*liQo  nearly  gtra-ight,  enhttged  and  rounded  in 
front ;  no  area  visible.  The  arrangements  of  the  hinge  and 
muscles  more  nearly  njsemble  those  of  a  Laptmia^  under  ^^hich 
^eijufl  it  IB  recorded  in  Part  I.  There  are  two  sharp  taeth  not 
far  from  the  median  line,  and  from  them,  as  baaas,  expand  two 
oval  mufionlar  tmpresBiona,  each  divided  by  a  median  line,  and 
reaching  about  half-way  across  the  ahell.  Dimeneions  :  length, 
4^  linea;  breath,  d^  lines. 

Qeuhgical  }mmiimt,—7^n^  at  A.  Jami^mmL  R^dnu  Hood*a  Bay 
(2  era.). 

Splrlferina  Walcolti,  Stmerhif. 

PL  XV.,  fig.  IX 

182S.    {Stdf^er,)    *  Mitt.  On.*  t,  oodixviE,  fa.  I,  % 

imi,    (l^ri/er.y    Daddpoti,    *  Brit.  Fom.  Brot^h/  t.  iii.  f^.  2,  :i 

1  have  examined  typical  exfituplea  of  this  epociea  from  th^ 
following  localitieB : — 

Zone  of  ^fii,  BucMandi.  Redcav  and  Margke  (not  raro), 
"Lower  Lia«,  Robin  Hood*fi  Bay,  Whithy**  {Smp»(m,  Whitby 
Hub/).  Am.  ^natutt.  Piston  (1  ex.)  und  Belman  Mines,  near 
G 11  ii^tio rough  (1  ex.). 

Van  lata^ 

Syn.     1855.     lAasicuSy  recentior.     Simpson.     *  Foss.  Y.  L.'  p.  133. 

1860.    (Spiri/erina.)     Martin.      *Infralia8  de    la    Cote-d'Or/  t.   vii. 
fa.  1-4. 

This  variety  approaches  S,  Munsteri,  Davidson.  It  is  usually 
wider  than  long ;  the  mesial  fold  in  the  smaller  valve  rounded, 
and  but  slightly  elevated,  with  4  to  6  subacute  plaits  on  each 
side.  The  beak  projected  backwards  and  straight,  producing  a 
large  triangular  area. 

Geological  position. — Zones  of  Am.  Bucklandi^  Marske  (1  ex.) ; 
A.  armatus,  Robin  Hood's  Bay  (common). 


Splrlferina  rostrata,  Schlotheim. 

1822.    (Terebratulitet.)    * Naohtrag  z.  Petref.'  t.  xvi.  f.  4. 
1851.    Spiri/er  ro9tratu8.    Davidson.     *  Brit.  Fobs.  Brach.  (Pal.  Soc.)/ 
t.  ii. 

Geological  position. — A  single  example  of  a  pedunculated  valve 
from  the  an^uia^tw-beds  at  Redcar  is  referred  to  this  species,  and 
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a  small  example  in  the  alveolen  of  a  Beleranite  in  the  margari- 
taiuS'heds,     Hawsker. 


Spiriferina  oxyptera,  Buttigmer, 
PI.  XV.,  fig.  8. 

1848.    Spirifer.    *M^m.  de  la  Soo.  Philom.  de  Verdun/  vol.  ii.  p.  14, 

t.  viii.  f.  8. 
1852.    Davidson,  *  Ann.  and  Mag.  Nat.  Hist.'  p.  16,  t.  xv.  fs.  5-7. 

Oeological  potition, — Zone  of  Am.  Jameioni.  Hnntoliif,  Salt- 
bum,  and  Coatham  Scars,  Redcar  (22  exs.). 

This  species  occurs  at  the  same  horizon  in  Mull,  and  Baasay, 
W.  Hebrides. 

Spiriferina  Signiensis,  Butngnier  f 
PI.  XV.,  fig.  7. 

1843.    iSpiriJer.)    Loc.  eit.  p.  14,  t.  v.  f.  9. 

1852.    (Spirifer, .    Davidson.    'Annals  and  Mag.  Nat.  Hist.'  p.  xvi. 
t.  XV.  f.  3 

The  validity  of  this  identification  is  questionable ;  but  I  have 
less  hesitation  in  assigning  the  shell  to  5.  Signiensis  than  to  any 
other  species  of  the  genus. 

Geological  position. — Zone  of  .^m.  spinatus^  in  the  shale  below 
the  main  seam  of  ironstone,  Eston  (one  valve  only). 

Spiriferina  Tessoni,  Daoidson. 

1852.    '  Ann.  and  Mag.  of  Nat.  Hist.'  t.  xv.  fs.  1-2. 
1856.    Oppel.    *  Die  Juraformation,'  p.  186. 

This  magnificent  species  is  introduced  here  on  the  authority 
of  Oppel,  who  records  it  from  the  zone  of  Am.  margaritaius, 
Robin  Hood's  Bay,  in  the  following  terms  : — '*  Fand  ich  in  dem 
Marlstone  von  Robin  Hood's  Bay  (Yorkshire)  einen  Spirifer,  der 
mit  Spir.  Tessoni  ganz  tibereinstimmt." 

Terebratula  punctata,  Sowerhy. 

1812.    *  Min.  Con.'  t.  xv.  f.  4.  p.  46. 

1851.    Davidson.    *  Brit.  Fobs.  Brachiopoda,' t.  vi.  fi  1-6,  p.  45. 

Our  examples  agree  with  the  types  of  this  species  in  form,  but 
do  not  attain  to  so.  large  a  size.  They  exhibit  characters  inter- 
mediate between  Terebratula  and  WcUdheimia.  The  crural  pro* 
cesses  extend  far  towards  the  front  of  the  shell ;  the  septam, 
though  short,  is  very  prominent,  and  the  beak-ridges  are 
dihtinot.     Considerable  variation  in  the  shape  and  «ize  of  the 
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fbramefi  is  presented  by  the  large  mrieB  obtained   from  ^^ 
Torks]iire  Lias;  in  many,  and  especially  those  from  the  inwi- 
stone,  it  is  compressed  and  narrow :  in  otherB  large  and  bTT>ad, 
approaching  to  circular,  and  in  this  reepect  resembles  T_  mii- 

This  species  is  possibly  the  one  referred  to  by  Ycmng  and 
Bird,  he.  eit.,  p,  231,  as  related  to  their  T.  irilineala,  and  belonging 
to  the  iionatone-biinds ;  and  by  SimpRon,  ke.  «/,,  p,  130,  under 
the  name  of  2\  ormth^cepkala,  and  is  ovidentlj  Himton*8  T, 
iriUn^taf  catalogiied  as  very  abnndartt  in  the  ironstone-bands  at 
Roekcliff^    It  wa^  first  identified  by  Phillips  in  1829. 

O^&ologmil  pomtim. — Zone  of  Am^  mar^arii&iutt,  Huntcliff, 
StftJtheSf  GroEmont  (rare  and  small). 

Zone  of  Am,  4finatu4t,  Estou,  Upletttham  and  other  M^nes, 
Staithes,  Grosniont,  Bransdale,  &q.  (common,  and  widely  dis- 
tributed), 

W^aldheimia  sarthacensis,  D'Orhign^, 
PL  XV.,  figs.  10,  11. 

imO,     D*OrHgny.     ^PrtKlroiiiti*!,*  p.  270. 
Bfn,    1815.     TtiTPbrnittlt  omithocrphnla.    Sowerby  (pun).   *  Mitt.  Otm,'  1  d, 

f,4. 
1^51.     T<iirdftatuhi  tfb&fmifi.    Dttvidann.    *  Brit.  Fos*.  Biw^h.*  t  -r,  f  IIS. 
1855.     Teff^ratuta  hUpiduia.     Simpson.     'Fo«8,  Y,  U*  p.  182, 
lg54*.     T*iriihratula  perforata.      PiLite.      *  BuU,   Soo.    OeoL    Fmnoe^' 

2nd  odit.  vul,  liii.  t,  %.  t  L 
1866.     Tf^jraiaJlA  iMlomti.    Qyenitedi    *  Jiita,*  L  ix.  T  21. 
1860.     Tert^^ratiila  Mtmi%gula(^.    Martin.    *  Pftl.  de  1ft  C6teKi*Or/  t.  vU. 

fa.  8-10, 

Whatever  name  the  species  should  receive,  there  is  no  doubt 
that  it  has  long  been  known  in  this  country,  having  been  con- 
founded with  T.  ornithocephala  by  Sowerby  as  early  as  1815,  and 
by  Portlock  in  1843,  and  in  later  times  more  frequently  with 
T.  punctata. 

We  have  figured  two  examples  obtained  from  widely -separated 
horizons :  that  from  the  an^uZa^u^-beds,  PL  XV.,  fig.  10,  is  the 
one  more  commonly  known  as  T.  perforata,  Piette,  and  the  other, 
PI.  XV.,  fig.  11,  from  the  anna/tis-series,  is  identical  with  T. 
hispidula,  Simpson,  and  with  T.  Sarthacensis,  Deslongchamps. 

The  shell  is  distinguished  by  its  subpentagonal  form  and 
small  umbo,  and  is  closely  allied  to  W,  indentata.  Sow.,  but  does 
not  present  an  indented  front,  from  which  character  the  latter 
species  owes  its  name. 

Sowerby's  T.  ornithocephala,  t.  CI.,  fig.  5,  comes  from  the 
**  blue  marls  of  the  lias  of  Fickeridge  Hill,"  south-east  of  Taunton  , 
and  from  the  same  locality  were  obtained  the  types  of  Lima 
pedinoides  and  L.  punctata,  which  circumstance  places  beyond 
dispute  the  liassic  age  of  the  Terebratula,  Davidson  has  figured 
this  specimen  as  the  type  of  Sowerby's  T.  obovata,  the  original  of 
which  is  overlooked  by  him. 
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AgaKsiz,  in  his  traDslation  of  Sowerby's  '  Mineral  Conohology,' 
1845,  thinks  that  it  should  have  been  made  a  distinot  speoies, 
which  was  done  by  D'Orbigny  in  1850,  who  called  it  T. 
SartlMceruis. 

It  would  appear  that  D'Orbigny  referred  to  this  species 
examples  of  a  Terebratnla  from  the  Middle  Lias,  one  of  which  is 
taken  by  Deslongchamps,  •  Pal.  Fr.,'  t  XXXI.,  fig.  6,  as  represent- 
ing D'Orbigny's  species,  which  Branns  regards  as  synonymic 
with  T.  indentata^  Sow.  Deslongchamps'  figure  most  accurately 
represents  our  shell  from  the  lower  part  of  the  Middle  Lias ;  but 
the  type  of  T.  SartiuicensU  is  obviously  T.  omithoe^hala.  Sow., 
t  GI.,  fig.  5,  and  this  name  the  speoies  should  receive,  taking 
priority  of  T.  hispidula  and  T.  perforcUa, 

Geological  potUion. — Zones  of  AnL  angulatua.  Market  Weighton 
(2  exs.),  Redcar  (5  exs.) ;  Am.  armaiuB,  Bobin  Hood's  Bay  (20 
exB.^;  Am.  Jameaoni,  Huntdiff,  Coatham,  Normanby,  lipsall, 
Easoy ;  Am,  spinatua,  Grosmont. 

Waldheimia  Lycetti,  Dmndtan. 

1851.    '  Brit.  Fo».  Braoh.'  t.  vii.  fa.  17-22. 
Geological  pontion.^Tjone  of  Am.  Jurenaie.     Peak  (1  ex.). 

Waldheimia  resupinata,  Sovoevhy. 
PI.  XV.  figs.  12,  13. 

1816.    *  Min.  CJon.'  t.  cl.  fs.  3, 4. 

1829.    Phillipe.    '  Geol.  York/ t.  xiii.  f.  28. 

1851.    Davidaon.    *  Brit.  Fobs.  Brach.*  t.  iv.  fs.  1-5. 

The  Yorkshire  examples  which  I  refer  to  this  speoies  all  differ 
from  the  typical  form.    They  may  be  grouped  under  two  varietiee. 

Var.  a  (PL  XV.,  fig.  13)  is  the  commonest  shell  in  the  Cleve; 
land  main  seam,  to  which  it  is  confined.  This  form  differs  from 
the  type  in  being  more  elongated  and  narrower,  the  medial 
sulcus  deeper,  and  the  sides  consequently  more  elevated;  it 
shows  a  great  appro€U>h  to  W,  carinala  of  the  Inferior  Oolite. 

Vcur.  h  (pyriformis,  PI.  XV.,  fig.  12^  has  ooourred  to  me  only  in 
the  shelly  shale  (or  **  cockle-bed  "^  below  the  main  seam  at  Eaton. 

This  variety  exhibiti*  a  mucn  greater  departure  from  the 
usual  examples  of  this  species  in  its  ovate  shape,  ffil^bous  valves, 
and  the  shallow  or  ill-defined  sulcus  on  the  brachial  valve,  but 
agrees  with  the  large  specimens  of  the  speoies  figured  by 
Davidson. 

Geological  position. — Zone  of  Am.  epinatue.  Wilton  {PhiUipe), 
EBion,  LJpleatharo,  Hubb  Hill,  Skinningrove,  Belman. 

OEinrs  Rhtnchonklla. 

This  group  of  shells   presents   unusual  difficulties  to  the 
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nttidt^nt  who  does  aot  hold  the  opinion  that  dxetiuotioB  of  fipeoit^s 
ia  a  mere  abstraction ;  the  variation  of  fona  preci^iited  by  th^ 
Vorkiihire  e^umpl^^  of  the  gauna  Li  so  excessive  »j»  t<>  make  it 
oonapiirtttavelj  eaay  to  conneet  together  all  the  so-called  speciea 
Neverthelees,  by  selecting  gioups  obtained  from  difl'trent  geo- 
logical horizonBj  sufficknt  diflferenoee  ape  noiiceiible  between 
them,  which,  for  practical  p(irX3oeeB»  loaj  he  regarded  a«  of  t^peci&o 
value. 


1867- 


^^  Gt&logicitl  pmifion, — ^Zone  of  Am,  margaritatua  (bottom  aemm  of 

I  ironstone).     Hntton^  GuiBb^>r!jagh,  one  specimen.     Beeorded  by 

I  Phillips  from  U  tlton  and  Bilsdale,  and  by  Hunton  &om  Bock- 

I  cliff. 


RhynctLonella  acutaj  SotoeAfn 

(rertffrfoMo,)    '  Mhu  Cod.'  1  cU.  fs.  I,  2,  p.  1 15. 
{Ttrfbraivia,)    PhiHipfl.    *Geol  York/  t  xiii,  f.  25. 


Rhynchonella  furcillataj  Vm  Buck,  gp. 


1834. 
185L 


DavidBon.    '  Bill  Fo^iA,  Brach/  t.  xiv.  fit.  £-9. 


Geological  p<mli&n, — Zone  of  Am.  Jamestmif  Hnittolitf  (8  exa/^ , 
A.  arf/iatuM^  Kirby  Undenlale  (1  ex.). 


Rhynchonella  subconcinna,  DaridMo^ 

PLXY,,fig,  18. 


1851,     DrtvidBon.     '  Brit  Fn^s   Brfti-ii  '  t   T?vii    f  17.  p,  90. 

Geological  position. — Zones  of  Am,  Jamesoni,  Huntcliflf,  Peak 
(4  exB.);  A.  capricomus,  Huntcliff  (a  doubtful  example);  A. 
9pinatu8,  Eston  (a  doubtful  example). 


Rhynchonella  rimosa,  Von  Buck. 

1831.    (Terebratula.)    *  PetrefactionB  Remarquables,'  pi.  vii.  fig.  5. 
1851.    (RhynchoneUa.)    Davidson.     *  Brit.  Foss.  Brach.'  t  xiv.  fa.  6,  6a. 


Oeological  position. — Zone  of  Ammonites  Jamesoni. 
and  Coatham  Scars  (4  exs.). 


Huntcliflf 


Rhynchonella  tetrahedra,  Sowerby. 

PI.  XV.,  fig.  20. 

1822.  (Terebratula.)    *  Min.  Con.'  t.  Ixxxiii.  f.  5. 

1828.  (Terebratula.)    Young  and  Bird.    *  Geol.  Sur.*  f.  viii.  f.  15. 

1851.  (RkynchoneUa.)  Davidson.   *  Brit.  Foss.  Braoh.*  t.  xviii.  fe.  5-10. 

1855.  iTerebraiula)    Simpson.     *  Foss.  Y.  L.'  p.  130. 

8yn.     1855.  TerebTat%da  compreBsa.    Simpson,  loc.  cit.  p.  130. 

This  very  chaiucteristic  fossil  of  the  Middle  Lias  is  too  well 
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known  to  need  description  at  my  hands;  however,  for  the 
purpose  of  comparison  it  is  necessary  that  the  characters  pre- 
sented by  the  young  shells  be  indicated  in  this  place.  Quenstedt 
has  figured  a  series  of  medium-sized  and  young  examples  of  B. 
tetrahednz,  under  the  name  of  TerehrtUula  amcdthei^  *  Die  Brachio- 
poden/  t.  XXVII.  fs.  164  to  160.  The  beak  in  the  young  forms 
is  suberect,  not  incurved  as  in  the  adult ;  the  shape  is  depressed 
and  subtriangular,  and  in  the  youngest  examples  traces  of  the 
plaits  are  discernible.  Simpson  says  his  B.  compressa  is  *'  pro- 
bably another  variety  of  B,  ietrahedra ;"  I  have  not  seen  the 
specimen  upon  which  the  species  is  founded. 

Oeological  position, — Zones  of  Am.  armalus,  Bobin  Hood's  Bay ; 
Am.  Jameaoni,  Huntcliff,  Ooatham,  Peak;  Am.  margaritaius, 
Danby  Dall,  Carlton  Moor,  Huntcliff;  Am.  gpinatus,  Cleveland 
main  seam  where  it  is  abundant.  Eston,  Upleatham,  d^c. : 
Staithes,  Grosmont,  Millington. 

The  four  following  species  have  usually  been  referred  to  the 
problematical  B.  variahilis,  which  seems  to  have  been  a  refuge 
tor  the  uncertain  forms  obtained  in  the  Lias.  In  the  examina- 
tion of  these  and  other  species  it  is  inconvenient  to  insist  upon 
sharp  lines  of  demarcation,  and  the  VHlidity  of  the  species  may 
perhaps  be  called  into  question,  yet  I  greatly  rely  upon  the  dis- 
tinctions that  have  been  drawn  from  the  characters  afforded  by 
the  young  shells. 

Rhynchonella  lineata,  Young  and  Bird,  tp. 

PL  XV.,  figs.  21,  22,  and  23. 

1828.    {Terebratula.)    *Qeol.  Sur.'  p.  232,  t.  viii.  f.  10. 
Byn.    1829.     T.  inplicata  and  T,  hidens.    Phillips.    *Qeol.  York.'  t.  xiii. 
fs.  22-24. 
1855.     T.  tnplicata.    Simpson.    •  Fo«8.  Y.  L.'  p.  131. 
1851.     T.  trvplicata,  varidbilis.    Davidson.  'Brit.    Foss.  Bracb.'  t  x?i. 
fs.  1-6. 

Adult  forms  of  this  species  have  a  resemblance  to  ft.  tetrahedra, 
but  differ  in  the  number  and  character  of  the  plaits,  and  in  the 
larger,  less  incurv^ed  beak  and  large  foramen.  There  are  in- 
variably 2  or  3  plaits  on  the  mesial  fold,  with  from  3  to  4  on 
each  lateral  area  of  the  brachial  valve,  which  are  all  evanescent 
towards  the  umbo. 

Phillips  distinguished  two  forms,  that  with  three  plaits  as 
triplicata,  and  that  having  two  on  the  mesial  fold  as  hidens ;  our 
figures  21  and  22  represent  these  two  variations.  Young  and 
Bird's  descriplion  and  figure  belong  to  the  hidens-form;  and  as 
there  can  be  no  doubt  respecting  the  shell  figured  by  them, 
supplemented  by  a  sufficiently  fall  description,  I  adopt  their 
name  in  accordance  with  the  rule  of  priority.  The  description 
reads  as  foUciws :  **  No.  10  is  a  small  shell,  very  common  in  the 


ironekme  baoda  and  in  the  Boggt^r ;  it  di^e»  (torn  T.  t^^mh^dm, 
not  only  in  being  smaller,  but  in  having  only  two  elevated  plairi 
at  tiie  bfl^e,  and  a  g^unk  line  on  the  leBBer  valve,  ruonmf^  fwm 
the  beak  to  a^  groo%  e  between  theee  plaits.  There  are  a  boat  i 
piftits  on  each  aide  of  the  )>t;ak,  besidee  tho5*e  of  the  base/*  Ai* 
regards  eize^  howe\'er,  it  not  imfreqnently  equals  the  largest 
epectmens  of  B.  tetrahedra. 

Fig.  2B  represenis  a  CiUit  of  the  umbonal  regioD  of  the  doTsal 
valve  of  R,  lineuta^  in  which  are  shown  the  dentieulsted  sockets, 
a  character  which  nlso  belongs  to  R.  rimma  and  H*  acuta: 
vide  Quenstedt's  'IHe  Brachiopoden/  t.  XXVII.,  t  107  and  i 
151. 

The  yonng  sheHs  ar«  depneased*  broadly  subtriaognlar ;  the 
front  edige  of  tJie  united  valves  i»  at  first  straight,  but  gradually 
becomes  arched  m  the  shell  iw  enlarged  ;  no  trace  of  plication  is 

E resented  by  fipecimt;'nin  up  to  half-an-inch  in  breadth.  The 
eak  is  erect  and  the  faiamen  large. 
There  is  no  other  alternative  between  regarding  thefle  small 
ehellB  a8  the  young  of  the  R,  lineaia  and  amgning  them  to  a  new 
species,  as  they  are  found  in  company  with  B.  Uneata  in  the 
toales  below  the  main  j  roust  one  searn^  the  only  species  of  the 
genus  ooouxring  thereiu.  The  smallest  specimen  showing  plica- 
tions is  I  inch  broad,  but  still  retains  the  depressed  shape  of 
the  juvenile  examples. 

Examples  of  M*  tetrahedra  at  this  stage  have  already  been 
described,  whilst  young  speoimens  of  M,  aetUa^  with  a  diameter 
I  inch,  present  a  strong  mesial  fold  and  lateral  plications*  I 
cannot  agree  with  Simpson,  who  considers  the  species  related 
to  E.  tetrahedra  rather  than  B.  ^ariahtlw,  and  still  less  with 
Branns,  who  places  it  with  B,  c^ocephala  under  B.  aatta. 

Geolog  ica  I  pomt  ton . — Zone  of  A  m ,  ^in  at  us.  Very  abu  nd  a  n  t  in 
the  shady  ironstone  called  the  "  Cockle  Band  "  at  the  bctse  of 
the  Cleveland  Main  Seam,  at  Eston;  also  in  the  Main  Seam 
Eston,  T^pleiitliam,  Staithes,  Runswick,  Hawsker,  &c. 


Rhynchonella  variabilis,  Schlotheim, 

1813.    Leonhard.    '  Min.  Taschenbuch,'  pi.  i.  fig.  4. 

1852.     T.  oxynoti.     Quenstedt.     *  Handbuch/  t.  xxxvi.  fs.  4,  5. 

The  shells  which  I  identify  with  Quenstedt's  figures  of  JJ. 
oxynoti  are  more  or  less  subglobose,  with  2  or  3  plaits  on  the 
mesial  fold,  and  about  3  plaits  on  each  side ;  the  plaits  are 
usually  confined  to  the  front,  though  they  occasionally  reach  to 
the  umbo;  the  beak  is  very  small,  incurved,  the  foramen 
small  and  in  the  young  shells  subterminal.  Specimens  less 
than  f  inch  broad  show  a  biplicated  mesial  fold  and  dis- 
tinct lateral  plaits,  excessively  small  beak  closely  applied  to 
the  dorsal  valve,  with  a  circular  and  terminal  foramen,  cha- 
racters which  are  not  possessed   by  R.  lineata  or  R.  tetrahedra  at 
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the  same  stages  of  growth.  The  adult  stages  of  B.  lineaia  and 
some  shapes  of  E.  variMlis  are  almost  andistmguishable. 

Brauns  identifies  Quenstedt's  speoies  with  iSohlotheim*s,  and 
it  is  therefore  here  in8cribed  under  the  older  name. 

Geological  position. — Zones  of  A.  armatus^  Robin  Hood's  Bay 
and  Warter :  Am.  Jameaoni,  Bockcliff,  Huntoliff,  Coatham,  Bobin 
Hood's  Bay,  Normanby,  Upsall,  Peak;  A.  capricomut,  Huntoliff. 


Rhynchonella  plicatissima,  Quenstedt. 
PI.  XV.,  figs.  U,  19. 

1852.    (Terebratula.)    *  Handbuch  der  Pet.'  t.  xxxvi.  f.  3. 
SjD.    1855.     T.  mundula.    Simpson.    '  Fobs.  Y.  L.'  p.  131. 

This  is  a  small-sized  hhell,  subdepressed,  with  a  moderately 
elevated  mesial  fold ;  surface  strongly  plaited  at  all  stages  of 
growth,  plaits  varying  from  14  to  20 ;  4  to  5  usually,  rarely 
3  to  6  occupying  the  elevated  part  of  the  dorsal  valve.  Beak 
small,  acute,  incurved,  often  concealing  the  foramen,  or  sub- 
erect  ;  foramen  moderately  large.  Dimensions  of  largest  speci- 
men :  breadth  ^  inch,  height  ^  inch,  thickness  ^  inch. 

Having  examined  many  a  score  of  examples  I  have  no  hesitation 
in  regarding  the  type  form  distinct  from  B.  (xr^noft,  though  some 
passages  are  possible;  B.  plicatianma  exhibits  little  variation, 
it  approaches  to  the  subglobular  form  and  the  plaits  may  be 
partially  or  entirely  obsolete.  A  few  examples  of  the  immature 
state  of  this  species,  called  B.  gryphitica  by  Quenstedt,  have 
occuried  in  the  Buddandi-heAs.  Fig.  19  represents  a  form  not 
rare  in  the  oyster  bands  of  the  copncomu^-series,  which  may  be 
an  aged  example  of  this  species ;  it  agrees  very  well  with  B. 
rimata,  Oppel,  *Deutf?ch.  Geol.  Ges.,'  t.  XII.  f.  2,  p.  542,  1861 ; 
other  examples  accord  with  jB.  polyptycha  of  the  same  author, 
t.  XII.  f.  4,  and  have  considerable  analogy  with  iJ.  aerrata.  Sow. 

Geological  pontion. — Zones  of  Am.  angulaiuSy  Bedcar  (rare); 
Millington  (rare) ;  Am.  Bucklandi,  Bedcar  (not  common) ;  A. 
rarieostatus  and  A.  armaiu8,  Bobin  Hood's  Bay;  A,  Jameaoni, 
Upsall  (sinking) ;  Wood  End,  Ayton ;  A.  capricomui,  Huntoliff. 

RtaynohoneUa  oakdoostai  Q^mMlL 

PI.  XV.  fig.  15. 

1852.     Terebratula.    *  Handbuch,*  t  xxxvi.  fs.  6-9. 

This  species  has  much  affinity  with  B.  plicatisnma^  though  it 
presents  a  decidedly  different  form.  The  majority  of  the  speci- 
mens are  triangular  obovate,  with  an  elevated  mesial  fold  carry- 
ing 2  or  3  plaits,  bordered  on  each  side  by  2  or  3  equally  strong 
folds,  all  of  which  proceed  to  the  umbo.  The  beaks  are  large 
and  erect,  and  the  foramen  is  elongated. 


The  young  ahells  are  flatteoedf  deltoid,  with  ^  curved  fiofil, 
not  elevat^ed  and  fimbriiited. 

The  figured  exaniple  (t  3  5)  i&  more  gibbous  than  itsoal 
Di  men  si  one  of  the  largest  example :  breadth  jj  inch. 

Geological  position, — Zone**  of  A,  Jameaoniy  Kobin  Hood's  Bay, 
Peak ;  A,  eapricomus,  SttutheB,  Hnmmersea^  Huntcliff ;  A.  mar' 
garitattiM,  Staifhes,  Huntcliflf,  Dauby  Dal^;  A*  gpinaiut^  L'p- 
leatham,  Staithes  {veiy  rare), 

Kb^ohoneUa  fodinalis,  Spec  no», 
PL  XV.,  fig.  16. 

This  mjiy  be  the  apecies  alluded  to  by  Young  and  Bird  as 
T&rehratula  depresm.  Sow,,  'which  they  itata  has  nearly  tbe 
iarae  form  as  their  T.  campressa  which  iw  win  ply  detcrihed 
by  them.  The  eperibs  appearfi  to  be  new  and  stands  alone 
among  its  Haasic  congeners,  but  recalls  a  cretaceous  facies  pre- 
sented by  gnch  species  aa  JB,  depresm,  B.  compre»m,  »tc. 

The  shell  is  transveraely  obovate,  mo^lerately  depressed,  the 
dorsal  valve  convex,  the  aiargin  riaing  with  a  gentle  undnl^itiou, 
lateral  angles  rounded.  The  whole  surface  covered  with  from 
25  to  30  &mall  pla its,  about  8  of  which  occupy  the  eltvated 
mesial  region.     Boiik  snmll,  incurved. 

Geological po§iHon, — ^Zone  of  Am.  spinatus  (main  seam),  Eston, 
Skpewath,  buisborough  (6  exs.), 

Rhynchonella  capitulata,  Sjjer^  nf>^. 
PL  XV.,  fig.  24, 

Shell  ovato-triangular,  slightly  transverse,  with  an  elevated 
angular  mesial  fold ;  anterior  third  of  the  shell  plaited,  2  to  4 
(usually  3)  plaits  on  the  mesial  fold,  and  about  5  on  each  lateral 
area ;  the  umbones  gibbous ;  from  the  appearance  which  the 
gibbosity  presents  the  shell  has  been  named  capitulata.  Beak 
thick,  small,  suberect.  The  shell  never  attains  any  considerable 
size.  The  dimensions  of  the  largest  specimen,  which  is  repre- 
sented by  fig.  24,  are :  breadth,  ^  inch,  height  ^^^  inch,  thickness 
^^  inch.  _ 

Geological  position  — Zone  of  Am.  spinatus  (main  seam  where  it 
is  very  abundant)  Eston,  Challoner,  Fpleatham,  and  Hob  Hill 
Mines. 

Rhynchonella  Bouchard!,  Damd9(m. 

PLXV.,  fig.  17. 

This  small  shell,  which  I  refer  to  R.  Bouchardi^  is  very 
abundant  in  the  grey  shales  with  Ammonites  annulatus.  Fig.  17, 
though  showing  its  general  form,  does  not  represent  the  charac 
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teristic  ornament  of  the  shell.  There  are  usually  3  plaits  on 
the  depressed  mesial  fold,  flanked  on  eaoh  side  by  10, 'which 
extend  nearly  to  the  umbonal  region.  The  beaks  are  small, 
acute,  and  erect.  Its  numerous  ribs  and  subglobose  shape  serve 
to  distinguish  it. 

Geological  position. — Zone  of  A,  imnulatus,  Upleatham,  Hob 
Hill,  llutton,  Staithes. 

Rhynchonella  Jurensis,  QuenstedL 

1858.    *  Jura,' t.  xli.  fs.  33-35. 

Three  specimens  of  a  depressed  subtriangular  shell,  with  3 
plaits  on  the  mesinl  fold,  obtained  from  the  Am.  Jurensis-hedB 
at  the  Peak,  are  provisionally  referred  to  this  species,  which 
bears  considerable  resemblance  to  some  forms  of  B,  plicatissima. 

SPECIES  EXCLUDED. 

Terehratula  trilineataj  Young  and  Bii'd,  quoted  by  the  authors 
from  the  Alum  shale  and  the  Dogger,  and  by  Phillips  from  the 
Dogger  and  Middle  Lias,  htis  not  occurred  to  us  in  any  stratum 
below  the  ironstone  series  at  the  base  of  the  Inferior  Oolite  ;  it  is 
there  usually  accompanied  by  Ammonites  Murchisonce  and  Bhyn- 
chonella  cynocephala.  Dctubtlessly  T.  punctata  is  the  species 
alluded  to  by  the  above  authors. 

LinffulaBeani  is  quoted  by  Morris,  *  Cat.  British  Fossils,'  p.  138, 
from  the  Middle  Lias  of  Yoikshire.  The  type  comes  from  the 
base  of  the  Inferior  Oolite,  included  by  VVright  in  his  Blea 
Wyke  Sands,  where  it  is  associated  with  Discina  reflexa  and 
BhynchoneUa  cipwcephala.  The  Lingula  known  to  us  from  the 
Middle  Lias  has  received  the  name  of  L.  sacculus. 

BhtfnchoneUa  inconstans  is  recorded  by  Young  and  Bird  from 
the  ironstone  bands  in  the  Alum  Shale,  p.  232,  and  is  included 
by  Simpson,  p.  132,  in  his  list  of  Yorkshire  Lias  Fossils,  A 
single  example  so  labelled  in  the  Whitby  Museum  is  a  genuine 
inconstans,  and  resembles  in  every  particular  the  usual  form  of 
the  species,  so  that  I  am  induced  to  doubt  its  having  been 
collected   from  the  Lias. 

Spirifer  medieevuSy  Simpson,  loc.  cU.  p.  133,  represents  a  brachial 
valve  of  a  palsBozoic  Spirifer,  probably  S.  hisulcnta.  The  type  is 
in  the  Whitby  Museum. 


The  ttbove  fij^re  exbibita  a  eingle  elytron  of  a  battle,  whicla 
IB  very  similar  to  PI.  VI.,  figs.  23,  25,  of  Brodie's  *  Fossil  Insects,* 
which  Mr.  West  wood  refers  to  the  family  Bupi^fiti<i8e,  but  doe« 
not  further  detenuine.  It  occurred  in  the  ^annu/oltw-shales  of 
8kelt(in  Park  Fit*  Mn  Brodie's  specimens  were  from  the  Lower 
Lint. 


OEDEE  NEUEOPTEKA, 

Cliauliodites  minor, 

PL  XVL,  fig,  6, 

Our  figure  represents  two  Neuropterous  wings,  discovered  by 
J.  W.  Kirshaw,  Esq.,  in  the  limestone  of  the  planorhis-zone  at 
Hotham,  to  whose  kindness  we  are  indebted  for  the  opportunity 
of  figuring  them.  They  are  best  matched  by  wings  figured, 
PI.  X.,  figs.  7  to  9,  in  the  Brodie's  *  Fossil  Insects,'  said  by 
Mr.  Westwood  to  be  a  species  allied  to  Chauliodes. 
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CLASS  GBUSTAGEA. 

By  J.  F.  BLAKE. 

SUBCLASS  MALACOSTRACA. 

Eryon  Hartmannl,  lfey«r. 

PI.  XVI.,  fig.  7. 
1836.    '  Nova  Acta  Acad.  Oar.'  bd.  zviii.  t  zi.  and  zii  &.  2  and  4. 

The  carapaoe  is  not  seen  in  the  specimen  known — thongh 
there  are  two  individuals — but  the  abdomen  so  exactly  agrees 
with  Meyer's  figure,  that  there  can  be  no  doubt  of  the  iden- 
tification. 

Each  segment  has  an  elongated  tubercle  in  the  centre;  the 
epimera  are  slightly  pointed;  the  telson  is  acutely  triangular, 
has  two  tuberculated  ridges  on  the  sides,  but  none  down  the 
centre  (in  this  point  differing  from  Meyer's  figure) ;  the  caudal 
plates  are  broad,  with  a  ridge  within  the  central  line ;  edges 
rounded  showing  the  fringe ;  small  tubercles  conspicuous.  The 
claws  are  narrow  and  small. 

.It  differs  from  E.  Barroviensis  in  having  no  side-tubercles, 
and  being  more  roughly  tuberculated,  and  is  from  a  different 
horizon. 

Geological  position. — Zone  of  A.  communis^  Whitby  (2  exs.). 
For  the  opportunity  of  figuring  this  fine  specimen  i  am  in- 
debted to  the  kindness  of  J.  W.  Eirshaw,  £sq.,  F.G.S.,  who 
discovered  it. 

Pseudoglyphsea  Etalloni,  OppA 

PI.  XVI.,  fig.  4. 

1862.    *  PalflBOQt.  Mitih.'  t.  ziii.  fig.  3. 
Syn.     1855.    AstacuB    rogtnUus,    WiUianuoni,      Simpson.      'Fobs.    T.    L.' 
pp.  134, 135  (non  Phillipe). 

Oppel's  species  has  larger  tubercles  than  the  Yorkshire  forms  I 
refer  to  it,  but  otherwise  they  are  fairly  coincident  in  the  struc- 
ture of  the  carapace  and  its  ornaments.  The  long  claws  are 
exhibited  on  the  figured  specimen.  They  are  nearly  twice  ai 
long  as  the  carapace,  their  section  is  somewhat  quadrangular. 
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mad  they  ©ul^ge  at  the   extreojity,  where  the  pointed 

^  oJmpsrm'ij  differonoe  bctweao  his  A.  rostratiu  and  A.  WitUam- 
MGni  ie,  thai^  the  lihdamen  in  the  first  m  smuothf  and  in  the  last  haft 
7  rugose  plates.  But  the  smotithntss  in  the  first  cajse  is  due 
to  the  trick  of  sDme  W  hi  thy  dealer^  who  has  "  iroproTed  "  the 
epecimen  with  part  of  the  ahdomeTi  of  Eryma  tmm*. 

Geological  pomlion. — N ot  asoer tai ned .  * '  U*  ] j.  Wh  1 1  by / *  (S i m p- 
»ou) ;  hut  the  containing  Dodule  looks  more  like  one  from  the 
t^ynoiu9-hedB  uf  Robin  If oini's  Bar. 

Pseudoglyphaea  hamifera,  Spec,  n&o. 

The  specimen  on  which  thia  apecies  ia  founded  is  a  verj 
broken  one,  and  one-half  of  the  carapace  ia  turned  completely 
round.  It  ahuwe,  however,  the  charactarifitic  parallel  fur- 
rowB  and  kidney-sbrtped  prominenoe  of  the  genua.  The  latter 
is  narrow,  elongated,  and  in  the  shape  of  a  book  or  clothes^  pe^^ 
and  has  aho^e  it.  in  the  hollow  of  its  curvature,  a  j  ounded  kmiK 
'J'he  two  clawg  are  strong,  apparently  quadrilateral,  and  swell  at 
the  tnd,  where  the  amall  finger  articuUtea, 

The  above  obatacteia  aaeimiUte  it  inoet  to  P.  Terquemi  (Oppel) 
of  the  <.>xford  clay,  but  it  does  not  cloaely  resemble  any  Liaaaic 

Gwlogical  posUion.^^Zon%  of  A,  Jamtsoni^  Hnntciliflr  (I  ex*). 

Glypiiea  Terquemlt  Oypd, 
PL  X  VL,  ^.  2. 

1862.    *PalKont.  Mitth.U.xv,  flg.fi. 
Syn.  ?  18M.    G.  UoMtia.    Mnrris.    *  Cut.  of  Brit.  Fow.'  p.  lOS  (non  Meyof). 

Carapace  finely  pitted,  having  a  smooth  aspect.  Onl}'  tiie 
portion  behind  the  deep  transverse  furrow  visible.  This  has 
two  furrows,  commencing  half-way  up  each  side,  enclosing 
between  them  a  club-shaped  prominence;  furrows  divide  the 
portion  beyond  and  outside  this  into  two  compartments,  of 
which  the  outside  is  nearly  quadrilatei*al.  Possibly  the  same 
species  as  G.  Hasina,  recorded  by  Moiris  from  Lias,  Yorkshire. 

Geological  ponitiov. — Zone  of  A.  nrmatm,  Robin  Hood's  Bav 
(1  ex.). 

Glyphea  lyrica,  Spec  nov. 

PI.  XVI.,  fig.  1. 

Front  part  of  the  cara])ace  flat  at  the  top,  which  is  bounded  by 
curved  tuberculated  ridges,  like  the  sides  of  a  lyre ;  from  these 
the  surface  slants  downwards  at  a  gentle  angle  to  similai*  ridges 
at  a  lower  level,  which  bound  the  whole  upper  surface.  An 
inner  pair  of  ridges  also  exists,  and  very  scattered   tubercles 
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Aviibiu  them,  otherwise  the  whole  is  smooth.  The  part  behind 
tlie  transverse  furrows  is  more  imperfect ;  it  has  a  small  emi- 
nence a  little  way  down  on  either  side  the  median  line,  each  of 
which  is  bounded  by  farrows ;  the  enter  slants  np wards  to  very 
near  the  transverse  furrow. 

Oeological  position.  —  Zone  of  A.  oocynotuSy  in  the  region  of 
A,  obtusust  Eobin  Hood's  Bay  (1  ex.). 

Several  crustacean  remains  nave  been  met  with  in  this  zone, 
but  I  have  only  seen  this  one  in  a  state  at  all  fit  for  description. 
Associated  also  are  feet,  whi(;h  may  well  belong  to  this  species; 
they  are  enlarged  at  the  ends,  and  truncated  at  the  articulation 
of  the  small  finger. 

Eryma  laevis,  Blake, 

PL  XVI.,  fig.  3. 

Syn.     1855.    A.  ItevigcUtu,    Simpeon,  loc.  eiL  p.  1H5. 

A  small  prawn-like  crustacean,  which  presents,  however,  the 
three  characteristic  funows  on  the  carapace ;  the  front  one  pretty 
plain,  the  two  hinder  very  slight,  and  soon  uniting.  It  is  very 
compressed,  and  the  whole,  including  the  abdomen,  is  perfectly 
smooth.  The  length  of  its  carapace  is  somewhat  less  than  that 
of  the  abdomen,  whose  joints  are  broad.  Legs  unknown,  asso- 
ciated with  the  carapace. 

I  have  not  adopted  Simpson's  name,  because  his  only  descrip- 
tion is  '*  carapace  and  abdomen  smooth,  slender,*'  without  the 
genus  being  ascertained  or  characters  noted  that  might  indi- 
cate it. 

Oeological  position, — Zone  of  A.  oxynotue.  Peak  (in  iUu), 

[UNDETKRMINED   SFECIES.] 
Agtaeus  BanksiL    Simpeon,  loc.  eit,  p.  135. 

The  only  description  is  '*  carapace  broad,  channelled  with 
many  wrinkles;  tubercles  numerous,  small.  A  robust  species, 
L.  L.  Robin  Hood's  Bay."  This  will  obviously  not  serve  to 
distinguish  it.  I  have  not  seen  the  specimen.  It  may  be 
QlyphcBa  Terquemi, 

Numerous  crustacean  claws  occur  in  many  zones ;  e.  g.,  those 
of  A.  Bucklandi,  capricamus^  margaritatuSf  and  eommunie ;  but  as 
the  generic  characters  are  not  taken  from  these  parts,  they  cannot 
be  satisfactorily  named. 

SUBCLASS  ENTOMOSTRACA. 

The  Liassic  £ntomostraca  are  for  the  most  part  nndescribed, 
and  scarcely  any  references  to  foreign  authors  are  possible. 
Their  minute  carapaces  are  seldom  absent  from  the  foraminiferous 
clays  ;  but  they  have  hitherto  attracted  but  little  attention,  and 
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^Bairdia  lacryma,  Spec,  nov. 

i'l.  XVII.,  fig.  3. 

ed  poetesriorly  and  recurved,  Bwollen  and 
^;  dorsal  side  slightly  concave,  ventral  side 
¥B  larger  than  the  loft. 

oach  to  this  shape  is  presented  by  B.  siliqua, 

yfoeaoT   Jones  in   his  Memoir  on   Cretaceous 

|1^  Y,  fig.  16,  which  is  much  larger  and   more 

-Zones  of  A.  angtdatus  and  A.  Bucldandi, 

'Bairdla  redcarensis,  Spec.  luw. 

PL  XVIL.  fig.  4. 

re  than  half  as  broad  as  long,  not  very  inflated. 
|x  on  the  dorsal  side,  nearly  straight,  or  with  a 
noid  curve  on  the  ventral  side. 
Mediate  in  size  and  shape  between  B,  licuaca  and 

I  potition. — Zones  of  A,  angulatut  and  A.  Bucklandi, 

Bairdia  elongata,  Spec.  nov. 

PL  XVn ,  fig  o. 

large,  long,  like  a  narrow  bean ;  ends  nearly  alike, 
1;  ventral  side  slightly  concave,  dorsal  side  greatly 
t  compreBFed. 

the  largest  species  of  the  genus  in  these  deposits.     It 
B.  dtBperm  in  this,  and  in  not  being  compressed.     It 
rible,  however,  It  may  reprewnt  its  senile  form. 
^  pomHc/H.—Zon^^  of  A.  anguUUmi,  MiUington  (1  ex.) ; 
i/.  Red  car  (1  ex.). 


Cythere  Blakal,  i 
PL  XVII..  fig.  6. 

1S72.    '  QuATi  Jqut.  GeoL  Socl'  tqL  xxriu.  pi  146. 

ipace  oblong,  subcylindzioil,  with  marginal  lips  at  the 

b^liquelyronoded  m  fronts  oontncred  and  rounded  behind. 

That  tiompressed  dormllj  it  tie  median   third ;    surface 

,  with  faint  irregular  reticnlation.  and  bearing  traces  of 

stria."    The  omMmmxi  has  little  or  no  tendency  to  ms 

ogicalp(miim.—ZonmtiA.pkmtwhii,  Cliff(  3  eis.  i :  ±  an^ 
''edcar(I  ei.> 
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Cythere  Terqnemlaua,  Jmm. 
FL  XVIL,  fig,  7. 

1872.     ^  Quart.  Jour,  GeoL  Soo.*  voL  xitviii.  p.  U7, 

**  Ourapaco  narrow-oblong,  inciirved  on  the  back  by  tlie  pio- 
j taction  of  tlie  anterior  hinge,  and  pinched  in  b^hveen  that  hinge 
and  the  mnt^cle-&pot ;  roundt-d  ut  the  ends,  with  broad  delicate 
margin 8,  that  of  the  ftrmt  divided  into  about  eight  neat  fnsset& 
Surface  sculptured  with  a  coari^e,  irregularly^hexftgonsl  net- 
work, aboiU  eight  meshes  to  the  transverse  width  of  the  valTe," 
Elevated  on  tlie  anterior  and  postero- ventral  poTtif>nt. 

Geolo^cal  position. — Z^^ne  Qi  A,  planorbit^  Cliff  f  3  exs,)- 

Cytliere  triangulata,  Spec.  urn. 
PL  XVIL,  fig.  8, 

The  two  valves  together  have  a  section  nearly  repreeented  bj 
an  equilateral  triangle,  §  m  long  m  broad.  The  ^ides  are 
gwollen,  and  ornamented  with  ridgea  and  retionktion,  which  are 
very  iuconspiciions  but  very  oniform.  The  ventral  margin  ia 
straight  and  Ujtped*  and  joins  the  ends  in  an  obtuBe  angle. 

Geological  position, — Zone  of  A,  BuekJandi,  Robin  Flood's  Bay 
(8  exs.)^ 

Cythere  Moored,  Jimm, 

VI  XVil,  %  IK 
1872.    '  Quart.  Jour.  Q^l.  Soe.^  vol.  xxviii.  p.  !4fi. 

**  Carapace  tumid,  egj^- shaped,  with  terminal  lips  and  flattened 
ventral  surface,  somewhat  like  a  peiuh-stone  in  ^hape  and  orna- 
ment. Surface  of  the  valves  reticulate  ;  the  meshes  rather  coarse 
in  the  middle,  but  having  a  tendency  to  become  longitudinal 
and  parallel  on  the  sides  and  towards  the  extremities." 

Rather  largest  anteriorly  ;  interior  of  large  valve  showing  two 
small  hinge  pits,  and  furrows  round  the  back  and  front.  The 
ornamentation  is  very  elegant — like  paiallel  ii regularly-carved 
furrows. 

Oeological  position. — Zone  of  A,  planorhisy  Cliff  (3  exs.). 

Cythere  translucens,  l^pec.  nov. 

PL  XVIL,  fig.  10. 

Carapace  tumid,  but  slightly  compret^sed,  with  flattened  ven- 
tral surface ;  posterior  end  pinched ;  anterior  larger,  with  an 
expanded  border,  except  on  the  ventral  side ;  ornament,  a 
tangled  network  of  ridges,  most  constant  longitudinally,  stand- 
ing up  much  more  than  in  the  last  species,  which  forms  the 
most  marked  difference  between  them. 
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The  shells  are  beautifully  transluoent,  and  show  the  little 
Btruotural  tubes  very  well.  The  inner  dorsal  edge  shows  the 
long  crenulated  bar  of  the  genus.    The  figure  is  wrong. 

Geological  pogition. — Zones  of  A,  BuMandi,  Eedcar  (4  exs.)  ; 
A.  oxynotus^  Market  Weighton. 

Cythere  redcarensis,  Spec,  nou. 

PL  XVIT.,  fig.  11. 

Similar  in  shape  to  C.  Moorei,  but  much  smaller,  and  with  an 
ornament  consisting  simply  of  a  very  reji^ilarly  pitted  surface. 
Geological  position. — Zone  of  A.  angulatua,  Kedcar  (5  exs.). 

Cythere  arcaeformis,  Spec.  nov. 
PI.  XVII.,  fig.  12. 

Carapace  small,  elongated,  2.^  times  as  long  as  broad; 
generally  resembling  an  ark  shell,  i.e.  the  dorsal  border  is  hol- 
lowed out  between  two  projecting  beaks  or  ridges ;  breadth 
across  these  ridges  equal  to  or  greater  than  the  breadth  of  the 
side  of  the  carapace.  Seen  on  the  side,  it  is  spatulate,  like  a 
polished  flint  hatchet,  growing  larger  anteriorly.  Seen  trans* 
versel}-,  it  appears  uniformly  covered  with  pits ;  but  seen 
lengthways,  the  intervening  spaces  range  themselves  in  ir- 
regular meshes.     The  figure  is  not  sufficiently  inflated. 

This  small  and  remarkable  form  nearly  resembles  C.  triangu- 
latay  but  difft-rs  in  being  flatter  on  the  side,  wider,  and  more 
excavated  across  the  hinge,  and  longer  in  proportion. 

Geological  position. — 2jones  of  A.  angtUaius  and  A.  Bucklandi, 
Redcar. 

Cytherella  ?  paupercula,  l^[>ec.  nov. 

PL  XVII.,  fig.  13. 

Carapace  narrow,  oblong,  pinched  in  towards  the  middle, 
largest  anteriorly  ;  ends  rounded,  and  provided  with  lips,  which 
are  marked  into  8  fossets.  The  two  valves  together  are  nearly 
as  broad  as  they  are  high  in  the  centre,  making  the  section 
nearly  square,  but  it  is  generally  more  oval.  Ornaments  inter- 
mediate between  those  of  Cythere  Terguemiana  and  Cytherella  cir- 
eumscripta.  The  ridges  of  the  latter,  though  very  inconspicuous, 
may  be  traced  as  slight  elevations,  but  the  surface  of  the  cara- 
pace is  covered  with  the  coarse  hexagonal  network.  It  would 
appear  to  be,  from  these  characters,  a  Cytherella. 

Geological  position. — Zones  of  A.  angulatus  and  A.  Bucklandi, 
Redcar  (6  exs.). 
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Cytherella  circumscripta,  Spec.  luw. 
PI.  XVIL.  U. 

Cam|j»oe  oblonji,  half  as  long  asrain  an  broad,  very  compresfledl 
anterior  end  roimded  and  provided  with  lipa^  postoiior  end  more 
tmncated.  The  surface  is  buiioded  by  a  strong  ridge,  which  U 
oontinnoue  near  the  edge  round  all  but  tha  don^al  8ide>  which  it 
join§  aboT3t  a  qiiarter  of  the  distance  from  the  anterior  end.  On 
reaching  the  posterior  end  of  the  dorsal  j^ido  th©  ridge  leaves  the 
circumforence,  and  continues  irregularly  nearer  the  centre ; 
another  ridge  rmm  from  the  centre  of  the  pouter  tor  end,  j  coining 
the  former,  and  continuing:  down  the  middle  of  the  carapace. 
Between  these  ridges  the  surface  is  concave,  and  uo vexed  with  a 
rough  hexagonal  network, 

Cfeola^cal  pddtion,— Zona  of  A.  angulatag^  Eedcar  ($  «IA,), 

Cytherella  crepidula,  Spec.  nm. 
PIXVII,  %.  16, 

€amp^«  oblong,  oval,  half  as  broad  as  long ;  sides  straight 
posterior  side  broadly  semicircular,  *tligbtly  oblique,  largest  and 
most  prominent ;  anterior  side  narrowly  ffomi circular,  more 
acute  ;  stirfaoe  nearly  flat,  but  joining  the  hin^e-line  at  a  right 
an^le*  The  two  valves  together  form  a  thick  shell  like  a 
triuimcd  brick ;  sculpturing  consists  of  6 at  snd  broad »  rather 
inconsY^icu'ius,  rid^s. 

Geological  j>affii*o»»— Zone  of  J.*  eapricomus,  HuntolifT  (2  exB.% 

Gknus  Polycope,  Sars. 

This  genus  was  instituted  by  Sars,  in  1865,  for  certain  living 
Entomoslraca,  whose  carapace  valves  presented  a  circular  out- 
line. Besides  the  species  originally  constituting  it,  which  has 
been  found  fossil  in  Post-Tertiary  beds,  other  fossil  forms  are 
referred  to  it  by  Professor  Jones  from  the  Carboniferous  lime- 
stone. These  latter  appear  to  me  to  belong  to  a  different  family, 
and  only  to  bear  an  accidental  resemblance  to  Polycope  in  their 
simplicity.  The  species  here  recorded  from  the  Lias  represents 
the  true  form. 

Polycope  cerasia,  Spec,  nov, 

PI.  XVII.,  fig.  16. 

Carapace  circular,  compressed,  small,  hinge-area  small,  ventral 
side  with  a  produced  lip  ;  ornamentation,  a  series  of  fine  ridges 
and  pits  running  from  back  to  front,  bowing  out  in  the  centre  ; 
when  seen  transversely,  it  appears  only  irregularly  pitted.  The 
hinge-line  is  straighter  than  in  P.  orbicularis  (Sars). 


CRUSTACEA.  435 

Geological  position. — Zones  of  A.  angulatus  and  A,  Bucklandi, 
Redcar. 

SUBCLASS  PECTOSTEACA. 

Pollicipesalatus?  Tate. 
1870.    *  Irish  Liassio  Fobs.'  fig.  6,  p.  23. 

A  carina  attached  to  A.  armatua  has  the  ornament  of  this 
species,  de^^cribed  from  scuta,  namely,  elevated  lines  parallel  to 
the  base.  The  two  fossils  being  represented  by  different  parts, 
further  comparison  is  prevented,  and  there  is  nothing,  therefore, 
against  tMeir  being  the  same. 

Geological  position, — Sub-zone  of  A.  armatuSf  Peak. 


Galeolaria  socialis,  QoMfim. 

1B36,    (Birpula.)    '  VeXi^.  Gonn,'  vol  i.  t.  ]%i%.  t  11 
BjiL    ISeS.     Qoletilaria  fiU/^irmit.    Terquem  and  Piette.    *  Lias  Inf.'  t,  xiv. 
fs.  6,  7,  p.  116. 

TJie  foasil  resembles  short  leugibs  of  a  stout  cord  of  luaoj 
hlender  strands. 

It  is  common  in  the  Inferior  Ooltte  of  GloTiceaterehire,  but  is 
kjjowTi  in  Bome  of  tbe  intervening  Liassie  beds. 

G epilog ical  posftion,--ZonQ&  nf  Am,  antfufattts,  Cliff,  Itedcar; 
and  -dm.  Biicl^^rtnfli.  covering  tbe  upper  surfiicas  of  tbe  limefetoae* 
of  Jenny  Leigh's  Scar,  Red  car. 

Serpula  limaxi  GMfm&. 

1836.    *  PiJtref  Oerai;  wl  i.  t.  kvi*.  f.  13,  p.  227. 

Geological  }>oEii%on.—7^Qn^^  at  Am.  amfulatm  and  Am.  Bfieklandu 
Rcdcar  ;  Am.  margarilatuH,  Huntdiflf,  RookcHff ;  and  -4ira.  s^dnaiu*. 
Hob  Hill,  Saltburn. 

Serpula  lituiformis,  Manster. 

183a    Goldfuss.    *  Petref.  Germ.'  vol.  i.  t.  Ixvii.  f .  15,  p.  228. 

Geological  position. — Zone  of  Am.  Bucklandi,  Redcar  (1  ex.). 

Ssrpula  plicatilis,  Goldfuss. 

1836.     'Petref.  Germ.*  vol.  i.  t.  Ixviii.  f.  2. 

Geological  position, — Zones  of  Am.  angulaius,  Cliff;  Am,  Jam&- 
font,  Huntcliff,  Osborne  Eusb  Fit,  Upsall,  Robin  Hood's  Bay. 


Serpula  deflexa,  Phillips. 

fork.  Coast;  t.  xi.  f.  26,  p.  158. 
3.     Goldfuss.   *  Petrtf.  Germ.'  vol. 

Geological  position.  —Zones  of  Am.  angulatus  and  Am.  Buchlandi^ 


1829.     *  Geol.  York.  Coast,'  t.  xi.  f.  26,  p.  158. 
Syn.     1836.     Flaccida.     Goldfuss.   *  Petrtf  Germ.'  vol.  i.  t.  lnvL.  f.  7,  p.  234. 
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Redcar ;  and  Am.  Jamesoni,  Robin  Hood's  Bay.    Hitherto  known 
in  England  as  coming  from  the  Inferior  Oolite. 

Genus  Ditrypa,  Berkeley. 

The  genus  Ditrupa  was  founded  by  Berkeley  upon  the  types 
Serpula  liberata,  Sars,  and  Dentalium  aubulatumf  Deshayes,  but 
the  spelling  was  rectified  by  Brown  in  1849.  As  represented  by 
the  types,  it  is  characterised  by  a  dentaloid  shell,  and  from  this 
circumKtance  the  species  have  been  confounded  t\ith  Dentalium. 
They  diflFer  from  Serpula,  less  by  their  organisation  than  by 
their  mode  of  life,  because,  whilst  the  first  are  free,  the  others 
are  fixed  to  submarine  bodies.  Whatever  may  be  the  distinctive 
characters  presented  by  the  shell-structnre  of  Ditrypa  and  Denta- 
lium, I  find  that  the  aperture  of  a  perfect  tube  of  the  former 
presents  a  thickened  and  bevelled  margin;  the  tube  thickens 
towards  its  anterior  extremity,  whence  it  is  abruptly  planed  to 
a  sharp  edge,  as  in  many  Serpula-tuhes,  This  character  is  not 
presented,  so  far  as  I  know,  by  the  tubes  of  the  Dentaliadce,  and 
is  quite  different  from  the  inflation  of  the  body  of  the  tube  as 
exhibited  in  the  genus  Helonyx.  Ditrypa  is  distinguished  from 
Serpula  in  being  more  or  less  cylindrical  and  regularly  dentaloid 
in  the  typical  species,  free,  open  at  the  two  extremities.  An 
emended  character  of  the  genus,  in  so  far  as  regards  the  shell,  is 
— Tube  cylindrical,  more  or  less  regular,  free,  open  at  both 
ends,  smooth,  rugose,  annulated  or  longitudinally  sulcated ; 
aperture  circular,  contracted,  peristome  attenuated. 

Ditrypa  capitata,  PhiUipg. 

PI.  XT.,  fig.  8. 
1829.    {Serpula.)    » Geol.  York.*  t.  xiv.  f.  16. 

Tube  cylindrical,  nearly  straight,  with  irregular  antiulatioxit, 
imbricating  rugse  in  the  anterior  half;  po^rior  smooth  dr 
wrinkled  longitudinally.  A  nearly  entire  specin^en  from  tke 
main  seam  of  ironstone  has  a  length  of  3  inches,  and  a 
diameter  of  ^  inch;  it  agrees  with  the  type  which  I  have 
examined ;  and  is  the  one  figured. 

Geological  position. — Zone  of  Am.  angulatua.  Cliff,  Redcar;  A. 
Bucklandi,  Redcar  ;  Am.  Jame&oni,  Huntcliff  (abundant) ;  Upsall, 
Easby ;  Am.  spin  aim,  I  •  pleatham. 

Ditrypa  cylindracea,  Terguem  and  Piette. 

1865.    (Serpuia.)    •  Lias  Inf.'  &c.  t.  xiv.  f.  10. 
Geologi4^al  position, — Zone  of  Am,  Bueklandi,  Redcar. 


Tube  elexidfr*  arcuate,  with  regular  nodt^a. 
Ge&hpicial  pa»itiim,^ — Zone  of  Am^  angiUatm,  Hedoar. 

Ditrypa  quinquesulcata,  Mumicr. 

ISS6*    (i^puU^}     Goldfna*.     '  Peip^f,  Gmn/  t.  Ixviu  t  $ 
lBt*5^     S.  p^nit^tmtj^,    Tertiiifim  And  Pi^te.   *  Liiu  lot'  &c»  t   xiv.  1  13. 
1970.    &  iuAp«n/ctg<^a.     T&te.    '  Quiirt.  Jauf ,  G«oL  Buc.*  to],  xxri 
p.  402. 

Cylindrical^  arcbed,  with  5  obtufie  carinro,  Bmootli  or  diglit^ 
wrinkled  transveraely.  Usxiallj  not  exoeedlnp;  an  inch  in  Jen^^ 
but  attains  to  two  or  three  timea  that  dmeTisiou* 

Gedf^gical  poBiiion. — Zones  of  Am,  Buckhindi,  Hf^d^r;  Am^  otry- 
miuM,  Robin  Hood'K  Bay ;  Am,  Jamesoni^  Eobin  Hood's  Bay  and 
Peat,  HuntcUC  tTpiM.!!,  Wood  End,  near  Ay  ton  ;  Am.  caprieomm, 
Htimmerbe*;  Am  marffaritatug,  Huntcliff ;  Am,  wpinatu$,  Eston. 


Ditrypa  clrclnata,  Tate, 
PJ.  XIV.,  fig.  IL 

1873.     ■  Qii»rt  Jour.  G*oL  Soo/  vnL  «tit.  p.  350. 


Tab©  about  the  dimensionfl  of  Denialmm  gigajnteum,  but  the 
posterior  one-third  forms  a  semidrcle  or  more,  and  the  whole 

length  pvest!iitH  nofiular  erjlargi/meiitB  at  diRl-int  nnd  variable 
intervals ;  aperture  circular  with  a  bevelled  margin.  Apical 
portion  of  tube  subquadrangular  or  pentagonal,  the  rest  rounded. 

Geological  position. — Zones  of  Am,  oxynotua,  Robin  Hood's  Bay ; 
Am.  Jamesoni,  Huntcliff,  Coatham,  Robin  Hood's  Bay  (very 
common);  Am,  capricornus,  Huntcliff;  Am.  margaritaiuSy  Hunt- 
cliff; Am.  spinatua,  Northcote,  Eston,  and  Upleatham  Mines 
(rare). 

The  thick  tests  of  the  large  oysters  in  the  upper  part  of  the 
Middle  Lias  have  been  the  habitats  of  an  excavating  annelid, 
the  casts  of  whose  furrows  are  displayed  by  the  natural  weather- 
ing of  the  shell.  They  are  about  the  thictness  of  a  fine  sewing- 
needle  of  an  inch  or  more  in  length,  and  are  interposed  between 
the  laminsB  of  the  shell.  I  have  observed  them  in  Oatrca  sub- 
margaritacea  from  the  A.  spinattis-hedB,  and  in  Oatrea  cymbium 
from  the  A.  margaritalua  and  A.  coprtcomtw-beds. 


the      I 
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CLASS  ECHINODERMATA. 

By  J.  F.  BLAKE. 

The  chief  remains  of  this  class  belong  to  the  Orders  of  the 
Asteroid ea  and  Crinoidea,  the  Echinoidea  being  rarely  met  with. 

Parkinson  in  1811  figured  portions  of  two  species  of  Crinoids 
from  the  Yorkshire  Lias,  but  did  not  name  them,  and  in  the 
same  way  Young  and  Bird  noticed,  in  1822,  two  Crinoids  and 
one  Asteroid.  Li  Phillips's  *  Geology  of  Yorkshire'  in  1829,  we 
have  the  first  name  assigned,  namely,  that  of  OpMura  MiUeriy  and 
he  quotes  Pentacrinua  caput^medusse  (a  recent  species),  and  P. 
hriareus  described  by  Miller,  and  also  figures  a  smooth  echinoid 
spine.  To  these  in  1836  Williamson  added  Luidia  Murchisoni^  in 
a  paper  in  the  *  Annals  and  Magazine  of  Natural  History.'  In  1 847 
Charlesworth  figured  in  the  London  *  Geological  Journal '  a  new 
Pentacrinua,  P.  ffracUis,  and  next  year  M*Coy  added  P.  dichotomus 
in  the  *  Annals  and  Magazine  of  Natural  History.'  In  1848 
Forbes  described  in  the  Memoirs  of  the  Geological  Survey, 
Decade  III.,  Uraster  (rcweyi  and  Asiropecten  Hastingise.  In 
Simpson's  oft-quoted  work  in  1855  we  find  ten  species  of  this 
Class  recorded,  I  cannot  say  described,  three  of  which,  one  being 
a  Cidaris,  had  not  been  noticed  before,  though  they  have  been 
subsequently  described.  Oppel  recorded  the  occurrence  of  P. 
ocularis  in  1856.  In  the  volumes  of  the  Palaeontographical 
Society  for  1863  and  1866  the  Asteroidea  and  Ophiuroidea  were 
subjected  to  a  critical  revision  by  Dr.  Wright  who  enumerates 
seven,  of  which  two  only,  Plumaeter  ophiuroides  and  OphioUpii 
Murravii,  had  not  been  noticed  in  Yorkshire  before  under  on^ 
name  or  another.  Among]  the  Crinoids,  Phillips  in  his  recent 
edition  (1875)  corrects  the  name  P.  capiU-medusm  to  Extracrinus 
suhangularia,  bringing  the  total  of  recognised  species,  excluding 
synonyms  and  erroneous  determinations,  to  14.  I  recorded  one 
additional  form  in  my  paper  on  the  Infralias  in  Yorkshire  in 
1872,  and  we  now  add  9,  making  a  total  of  24,  leaving  some 
forms  undetermined. 

ORDER  ECHINOIDEA. 
Cidaris  Edwardsii,  WrighL 

1856.    •  Brit.  Fom.  Echinodermata,  Pal.  Soc.'  pi.  i.  flg.  1. 
8yn.     1829.    PhUlipe.    » Geol.  York.'  pi.  xiii  fig.  17. 

1855.    Echinut  arUiquus  and  ohsoletus.     Simpson.    '  Foesils,  Y.  L.* 
p.  137. 

Simpson's  names  are  applied  to  test  and  spines  respectively  in 
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the  ScarboroTtgb  MoFeum,  which  bav©  bee^  recopfniKed  hj  Dr. 
Wright  &A  helonging  to  hi  a  i^pecies.  I  have  no  doubt  that  the 
remaitis  of  spines  foutir]  m  the  vartotis  hed.s  reeorded  below  mkj 
possibly  belong  to  some  m  jef  unknown  form, 

Ged&gical  jMMii*i».^Zone&  of  A.  planm^is^  Eirtoii  Gyp j^ in  Pit ; 
A.  ang-uiatus.  Bed  car.  Est^^n  Oypsiira  Pit ;  A.  Jamemnu  HantcliS' 
ftopth);  A.  rapricornuB^  HnntcljfT  Hummerseft,  SkinBingTOve 
(test);  A.  margaritaius,  BooWcliff  fplat^  iind  epme), 

Cidaris  amaltheJ,  Quemtr^, 

1858.    *  Jnw*/  pi  %zit.  figi.  42-41. 

The  spines  are  papiUikted, 

Qeotogical  poiUim.—Zoy}fy  of  A*  «pfnatu6,  Fpleatham,  Eston. 

Rliabdocldaris,  *p. 
Qeohgieal  poaUiim.^Zrin^  of  A^  spinaim^  Esiton  (spin©)* 

Hemipedina  Tomesil,  Wright 

18  0.    'Brit,  FoM,  Echinodermata,'  p.  457  (woodcut), 

Gmhgkal  jmhi'^'cw,— ^joej*  of  A,  phnorhiM,  CliiF  (test),  Eefoo 
Gjpsuni  Pit.  (npine) ;  A.  angulatua,  Cljff  (teeth  and  spines),  E^ton 

GypRiim  Pit^  Eedcar. 

Hemipedina,  #p. 

Some  ilender  spines  abcmt  3  inohes  long  are  found  in   ih« 

Jameioni-h^dti  at  Peak,  Their  extreme^  lenp,1h  seems  to  separate 
them  from  known  species,  but  new  ones  cannot  be  batisfactorily 
founded  on  spines  alone. 

Pseudodiadema  Slateri,  Spec,  nov. 

A  small  species  whose  shape  and  ornaments  coirespond  very 
well  with  those  of  Hemipedina  Jardinii  (Wright),  but  which  is 
proved  to  be  a  Pseudodiadema  by  its  crenulated  bosses.  I  name 
it  after  H.  H.  Slater,  Esq.,  its  discoverer. 

Geological  position. — Zone  of  A.  Jamesoni,  Robin  Hood's  Bay. 

OEDER  ASTEROIDEA. 
Uraster  carinatus,  Wright, 

1863.    'Brit.  Foss.  Echinoderms,*  pi.  ii.  fig.  1. 
Syn.     1855.     Aaieria  media.     Simpson.    *  Foss.  Y.  L.'  p.  135. 

This  seems  to  be  the  Uraster  Gaveyi,  recorded  by  Forbes.  I  have 
no  reason  to  believe  that  both  occur.     The  fossil  in  the  St^ar- 
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borongh  Museum  to  which  Simpson's  name  was  given  belongs  to 
this  species. 

Geological  position, — Probably  zone  of  A.  capncomua,  Boulby. 

Tropldaster  pectinatus,  Forbes. 

1850.     •  Memoirs  of  the  Geol.  Sur.*  derade  iii.  pi.  iii. 
1863.    Wright,  loe.  cU,  pi.  iii.  figs.  1,  2,  3. 

This  has  not  been  previonsly  noticed  from  Yorkshire. 
Geological  position. — Zone   of  A.  capricomus,  Staithes,    Hum- 
mersea. 

Luidia  Murchisoni,  Williamson. 

1836.    *  Magazine  of  Nat.  Hist.'  vol.  ix.  p.  425. 
1863.    Wright,  loc.  cit.  pi.  v.  fig.  2. 
8yn.     1855.    Solaiter  pclynemia,    SimpsoD,  loc.  ct7.  p.  185. 

A  specimen  of  this  species  is  in  the  Scarborough  Museum. 
This,  the  type,  and  one  other  are  all  that  we  know  to  have  yet 
occurred. 

Geological  position. — Zone  of  A.  capricomus.  Peak,  Hobin 
Hood's  Bay,  Huntcliff. 

Plumaster  ophiuroides,  WHght. 

1863.    '  Brit.  Fobs.  Echinoderms,'  pi.  v.  fig.  1. 

Geological  position. — Probably  zone  of  A.  capricomuSy  Skinnin- 
grove  (1  ex.). 

Astropecten  Hastingise,  Forbes. 

1848.    *  Memoirs  of  the  Gcol.  Sur.'  vol.  ii  pt.  ii.  p.  478. 
1863.    Wright,  loe,  eit.  pi.  vi.  figs.  3,  4% 

The  original  specimen  may  now  be  seen  in  the  Museum  of 
Economic  Geology,  London. 

Geological  position, — Zone  of  A.  capricomuSy  Boulby  (2  exs.). 

[Astropecten  Orion  and  A.  arenicolus,  catalogued  by  Morm  as 
from  the  Lias  of  Yorkshire,  belong  to  the  Eelloway  Rock.] 

ORDER  OPHIUROIDE\.      . 
Ophioderma  Milleri|  PMUips. 

1829.  Ophiura,    *  GeoL  York,'  pi.  xiii.  fig.  20. 

1855.  Simpson,  loe,  ett.jp.  136. 

1866.  Wright.    *Brit.  Fobs.  Echin.' pi.  xvi  figs.  2-4. 

fiyn.     1822.  AeterioB  cf.  $pkeruUUa,  Young  and  Bird.  *  GeoL  Sur.' p.  ▼.  fig.  6. 

Although  this  was  the  earliest  figured  and  noticed,  and  there- 
fore piobably  common,  it  is  now  very  rare. 

Geological  position, — Zones  of  A,  capricomus^  RockclifiT,  Staithes ; 
A,  margaritaius^  Huutcliff. 


r 
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Ophioderma  Gavayl,  WrighL 

IS&t.     *  Anfiali  and  AIo^.  of  Nat,  Ukt '  voL  liii.  pL  xiiu  fifT-  i, 
lfi6«.    *  Brit  Frtsti.  Eehm/  pi.  xv.  figa,  1-8. 

Not  notioed  from  VorkHhire,  but  if  dbtdiict  from   thm  next, 
ccrtajnly  present, 

Oeolf^eai potititm, —Zoubs.  *tf  d-  Jmneacmi^  Robin  Hood's  Bay  ; 

OphLoderma  carinata,  Wright 

J  866.     *Brit.  Fosg,  Echin'  pL  xvl  fig.  1. 
Sjfi.     1S55  ?  Ophiiita  gnvnli^.    SiropKin,  io*?,  «f-  p.  136. 

It  eeemB  doubtful  if  tliis  be  really  diji^tinct  Specimeiis  of 
0.  Gat^  vary  both  as  to  the  streugth  of  the  "  keel ''  and  the 
size  of  the  disc  ;  in  none,  however,  is  it  so  email  as  in  that  figured 
hy  Dr.  Wright.  Simpson's  type  in  the  Scarborough  Museum 
is  nearest  to  this,  and  imperfect  specimens  from  the  sone  of 
A^  Burkiandi^  Marske,  may  belong  here. 

Gcoloffkal  pomtUm. — Zone  of  A,  capricmTiUM,  Staithes. 

Optiiolepis  MurraYii,  ForheM, 

1843,     FflfKei,    *  Proc.  Geol.  Soc*  vol.  iv,  p.  2SE. 

1865.    Wright,  he.  Hi,  pi,  xh.  figs,  1,  2;  pL  xvil  flgB.  2, 3,  ** 

Not  one  of  Ihe  rarest  forms, 
(hohffital  potffiW— Zone  of  A,    mprif^ommt    StaitJiea,    Hunt- 
cliff. 

Ophiurella  Coluraba,  Spec.  iwtr. 
PL  XVI.,  fig.  11. 

The  specimen  on  which  this  is  founded  is  unfortunately 
water  worn,  and  therefore  it  is  doubtful  how  far  its  characters 
may  be  correctly  traced.  It  is  not,  however,  possible  to  confound 
it  with  any  other  Liassic  species. 

It  is  very  like  Ophiurella  Griesbachii,  Wright,  1.  c.  pi.  XVlll., 
figs.  3,  4,  but  differs  from  it  in  the  more  open  shape  of  the  buccal 
plates,  in  being  larger,  and  in  the  different  direction  and  shape 
of  the  side  ossicles  of  the  arms. 

It  exhibits  the  characters  of  the  genus  in  the  small  side  species 
scarcely  to  be  distinguished,  but  not  in  the  smallness  of  the  disc  ; 
but  neither  does  0.  Grie^achii  in  this  respect,  whose  disc  is  said 
to  be  small,  being  /y  the  length  of  the  arms,  while  in  Ophiolepis 
Murravii  it  is  said  to  be  large  when  it  is  j\  the  length  of  the 
arms !  Perhaps  both  0.  columha  and  0.  Grieshachii  should  be 
referred  to  another  genus. 

Disc  pentagonal,  about  f  the  length  of  the  arm  ;  venti-al  ray 
plates  cruciform  (?by  wear);  laterals  long,  narrow, and  oblique, 
the  whole  having  ihe  appearance  of  a  bird  in  flight;  spines 
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small;  buccal  opening  an   obtuse-angled  star;   length  of  arm< 
If  inch. 

This  specimen  is  in  a  boulder,  and  shows  the  ventral  side. 

Oeological  position, — Probably  capricomuS'Zone,  Staithes. 

ORDER  HOLOTHUROIDEA. 
PI.  XVII.,  figs.  42,  43. 

To  some  animal  of  this  Order  I  refer  numerous  small  spines  or 
booklets,  met  with  among  the  Entomostraca  and  Foraminifera. 
Terquem,  who  first  discovered  them  in  the  Lias  of  Metz,  called 
them  Foraminifera.  but  he  afterwards  (Terquem  and  Jourdy, 
•  M6m.  Soc.  G^ol.  Fr.,'  2ud  sen,  vol.  IX.,  p.  145)  recognised  them 
as  Echinoderm  spin  oh  and  referred  them  to  Astrophyton,  They 
are  long,  variously-curved,  smooth  spines,  ending  at  the  base 
in  a  ring  with  a  narrow  cross-bar.  This  stnicture  would  not 
admit  of  their  being  jointed  to  any  ossicle,  and  shows  they  must 
have  been  imbedded  in  soft  flesh.  They  are  therefore  most  pro- 
hahly  Holothuroid  spines,  such  being  met  with  in  that  Order. 
This  is  the  more  likely  as  nothing  is  found  associated  with 
them  that  could  be  the  remains  of  a  hard-covered  animal  to 
which  they  might  belong. 

Oeological  position, — Zones  of  A.  planorhis.  Cliff;  A,  angulatus 
and  A,  BuMandi,  Redcar. 

ORDER  CRINOIDEA. 

Pentacrinal  remains  are  very  common  in  the  lower  beds,  but 
specimens  which  exhibit  the  characters  of  the  cup,  associated 
with  the  stems,  are  very  rare.  It  has  been  the  habit,  however, 
to  name  species  by  their  stems,  and  in  some  instances  to  admit 
of  so  much  variety  in  this  respect  under  one  name  as  to  make 
such  names  quite  useless.  The  nomenclature  here  used  is  based 
for  the  most  part  on  stems,  and  on  the  assumption  that  they  do 
not  vary  widel}',  as  I  have  not  found  them  to  do  so. 

Pentacrinus  psilonoti,  Quenstedt, 

1858.    *Jura,' t.  vi.  fig.  7. 

Joints  of  column  narrow  (20  to  an  inch),  swollen,  edges 
rounded,  with  small  pits  between  them  in  the  re-entering  angles ; 
joints  all  alike,  or  more  swollen  at  irregular  intervals. 

Oeological  position, — Zones  of  A.  planorhis^  Cliff ;  A,  angulaiuSy 
Cliff,  Redcar  ;  A,  Bucklandi,  Redcar. 


Pentacrinus  tuberculatus,  Miller, 

.  1821.    *  Nat.  Hist,  of  the  CMnoidea,'  p.  64. 
Syu.     1855.  ?  P.  eapul'MedusMf.    Simpson,  loc,  eit,  p.  136. 

Tbe    figures    of    Mr.    Miller    are    very  characteristic.     He 
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observes  that  tiifa  epeeies  is  very  chamctcriittic  of  a  bed  of  Lin  ft, 
near  the  t^p  of  the  fonoation  (?  near  the  t^ip  of  its  ejtpostir©  due 
to  tho  Bueklandi  limetitoBcs)*  It  is  alwAvs  quoted,  on  ihs  aon^ 
tmcnt,  as  cbaracteristio  of  a  **  tnbercolafiis  bett''  at  the  haae  of 
the  zone  of  A.  ox^nottw.  These  I  *o  call  liave  ^harp  angies,  and 
narrow  se^nent^  (24  to  an  inch),  whose  Barfaces  are  flat,  and 
all  of  the  saiiio  Bi'zt?,  sidp  branchea  to  every  six, 

G&ohgieal  jwMi'fifm.— Z*:ines  of  A.  BuMandi  f  Bed  car  (head) : 
A.  mfnotuSf  Eohtn  Hui^V  Bay,  f>tem«i  abundant, 

Pentacrinus  basaltlforrais,  MiUft. 

1821.    *Nnt.  ItisL  of  CrmotilB/  p.  62. 
18A5.  ?  Bimpsofif  l<te.  ciL  p.  IBU. 

Colnmn  broad  jointed,  with  no  re-entering  anglen,  or  onlj 
very  tfbtu*^e  ones  when  yonni^, 

Geolo<f%cal  pf}sition. — Zones  of  J  angulatm.  Re  dear,  "W*  Coatbam; 
A,  BucklandK  Bedcar,  Mai  site ;  A.  ojcffnolun^  Bobin  Hood'a  Bay, 

PBntacrlnus  scalarts,  Goldfum. 
PLIIL,  fig.  fi. 

18S3*     *  PetPef  Gprm./  t.  Ifi  fs.  S,  a,  h  (nou  c-h,  non  t.  Ix.  6g.  10). 
Sym.    1S52.  ?  PtJjKrfi>ri«,    Qujenatedt.   *  llondbncb  der  P*tr^f.'  t  Ui.  f».  41-47. 

GoldfaeB  has  figiired  bo  many  forms  under  tbia  one  name  that 
it  has  been  applied  to  eeveral  species.  He  did  not  prove  them 
to  be  vflneties  of  one  specieM,  a^  they  came  from  sevei  af  horizons* 
Qnenstedt  (*  Jura.'  tab.  Xlil.,  figa,  62-7^  bus  f^ven  currency  to 
the  use  of  the  name  for  one  f©rra,  whtcb  is  probably  what  I 
have  called  P.  tuberculatus,  Austin  (*  Crinoidea,'  p.  120)  iden- 
tified it  with  his  P.  Millerii.  Oppel  quotes  this,  species  from 
the  **  raricostatuS'hedB*'  of  Bobin  Hood's  Bay,  but  it  is  impossi- 
ble to  know  which  he  means.  I  restrict  the  name  to  the  first 
two,  or  possibly  three,  of  Goldfuss'a  series,  and  characterise  it 
as  follows : — 

Column  stout,  joints  narrow,  20  to  an  inch,  re-entering  angles 
very  obtuse;  each  joint  is  sharply  carinated  in  the  central 
zone,  with  a  regular  row  of  tubercles  on  each  side,  every  fourth 
joint  swollen ;  some  of  the  keels  are  themselves  crenated. 

This  is  prolDably  the  form  quoted  as  P.  punctifertu,  Qnenstedt. 

Geological  position. — Snb-zone  of  A.  armatus.  Bobin  Hood's 
Bay. 

Pentacrinus  Millerii?  Austin. 

1851.    Crinoidea,  pi.  xvi.  fig.  1. 
1855.  ?  BatcUiiformis.     Simpson,  loc.  cit.  p.  136. 
Syn.     1858.    Scalaru.     Quenstedt.     *  Jum,'  t.  xiii.  figs.  52-7. 

This  name  1  select  as  the  nearest  representative   for   some 
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Btems  whicli  are  moderately  oommon  Id  the  lower  beds  of  the 
Middle  Lias,  bearing  considerable  resemblance  to  P.  pftZonoh'; 
the  joints  are  not  swollen,  however,  but  flat  and  wider  (16  to  an 
inch),  but  they  have  a  small  perforation  between  each  in  the  re- 
entering angle.  The  columns  are  arcuate.  They  appear  to  be 
the  P.  scdlaris  of  Quenstedt.  MtUerii  unfortunately  is  from  the 
Inferior  Oolite.  These  may  be,  for  all  I  know,  the  aduU  stems 
of  P.  gradlis^  but  their  commonness  demands  for  them  a  name. 

Oeological  poniion, — Zone  of  A,  Jamesoni,  Eobin  Hood's  Bay, 
Huntclifif;  A.  capricomm,  Huntcliff. 

Pentacrinus  interbracniatus,  Spec  nov. 
PI.  III.,  figs.  5,  8. 

Column  moderately  stout,  angles  very  sharp,  so  that  dUemaie 
divisions  appear  to  make  a  perfectly  flat  surface,  out  of  which 
the  intermediate  division  stands ;  joints  narrow,  20  to  an  inch. 
Each  third  one  is  more  swollen  and  broader,  and  the  one  next 
to  it  is  most  indented  in  the  re-entering  angle. 

The  primary  joints  of  the  calyx  are  triangular  and  small,  and 
fit  in  between  the  re-entering  angles  of  the  uppermost  joint  of 
the  column,  nearly  approaching  the  character  of  the  genus 
Extracrinus,  They  are  followed  by  two  others  before  bifurcation, 
both  much  larger  than  the  first,  so  as  to  meet  outside  the 
angles  of  the  central  plate.  Arms  eqnal,  composed  of  very  irre- 
gular joints,  about  15  before  dichotomising  into  2  equal  hands. 

From  the  dorso-central  plate,  on  each  side  of  each  angle  is  a 
small  extra  arm,  of  numerous  minute  joints — a  pair  of  these 
running  up  between  the  large  arms.  This  last  character  is 
the  most  striking  distinction  of  the  species. 

Oeological  position, — Zone  of  A.  capridbmus,  Huntcliff. 

Pentacrinus  gracilis,  CharlemDorih. 

,  1847.    *  London  Geol.  Jour.'  pi.  ix. 
'  1855.    8imp.son,  loc.  eit.  p.  136. 
Syn.    1851.    F.  Johnsonii.    Austin.    •  Crinoidea,*  pi.  xv.  llg.  1. 

Column  very  slender,  joints  nearly  round,  arms  not  quickly 
dividing.  The  small  stems  and  arms  of  this  species,  if  separate, 
wonld  easily  be  taken  for  the  finer  branches  of  other  forms. 

Oeological  position, — Zone  of  ^.  margaritatus,  Staithes,  Marske. 

Extracrinus  britannicus,  Schlotheim. 

1820.    ( t'entacrinus.)    *  Petrefactenknnde/  p.  328. 
Syn.    1821.     P.hriarew.    Miller.    *  Nat.  Hist.  Crinoids,*  p.  56. 
1855.    Simpson,  loc,  cit,  p.  136. 

As  Schlotheim  referred  to  Parkinson's  figure,  Vol.  II.,  PL 
XYIII.,  figs.  1-3,  his  name  has  undoubted  precedence,  and 
should  be  used. 
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Q«olvgiml  pimitiofh — Zon^e  of  A.  anntUatm^  Skislton  Park  ;  and 
A*  mrpmitinu*^  Whitby. 

Extracrlnus  dlchotomusj  M(h^* 

l)il48,     {i'^nkierinM^}  *  AiiuaJu  und  M^.  of  Nat.  11  if  L'  2nd  scr.  vol.  ir.  p.  iOti. 

Its  niifbor  deeerlbes  this  spcciee  as  resembling  in  ©very 
reepect  E.  hritanmcm,  t^xeept  io  being  smaller  and  baving  tbd 
ftrma  all  of  unifurm  nize,  ntid  tbo  hands  and  fingcers  also  uni- 
fonn,  iiabtead  of  the  brauches  gi^en  c»ff  being  smaller.  An&tin 
enys  that  this  is  a  charactt^r  ms^tinguiebitig  the  gen  tig  Penia^ 
f.rintii^  as  compared  with  Exiracrinm^  at  the  nanie  time  that  it 
Keems  ta  m©  doubtful  if  this  ia  mor^  than  a  varietal  group  of  the 
la^t  ept?flit3H. 

Gt^ohfji^^  po**>*cj«.— Unknown  **flUb  of  lias  shale/' posiildy 
atotit*  of  A.  Merpentinu*.     Whitby. 

Extracrlnus  subangularis,  Miller. 

1821.    *  Nftt  HUt.  of  C^nnoid»;  p.  fi9. 

Qvah^eat  ^^liW— Zones  of  J*  BuciiriaHdi',  Ri?dcar  |,rhiUi|>B>; 
A,  martfariiatm,  Bi*bin  Hood  »  Ba^  (a  daiibtArl  identificiition ). 
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CLASS  AOTINOZOA. 

By  J.  F.  BLAKE. 

No  speoies  of  corals  have  hitherto  been  recorded  from  the  Lias 
of  Yorkshire,  except  two  of  the  following,  catalogued  by  myself 
in  1872,  and  the  coral  fauna  still  remains  very  limited,  and  is 
confined  to  two  zones  near  the  base  of  the  formation. 

Montlivaltia  Haimeii  ChapiUs  and  Dewalque, 

1853.    *  Foes,  de  Liixemb.*  pi.  xxxviii.  fig.  5. 

1867.  Duncan.    '  Brit  Fobs.  Corals,*  pi.  z.  figs.  24-82. 

A  depressed,  button-shaped  coral,  with  a  convex  upper  sur- 
face ;  septa  very  fine  and  granulated. 

Oeological  position, —ZoneB  of  A,  angulatus,  Cliff,  Millington, 
Redcar  (abundant)  ;  A.  Bticklandi,  Redcar. 

Montlivaltia  Guettardi,  BlainviUe. 

1830.    •  Diet,  des  Sc.  Nat*  t  Ix.  p.  302. 

1853.    Gbapuis  and  Dewalque,  lac.  cit.  p.  xxxviii.  fig.  6. 

1868.  Dunr*an,  loe.  eit.  pi.  xii.  figs.  10-14. 

A  short  cup-shaped  coral,  with  conspicuous  septa;  epitheoa 
wrinkled. 

Oeological  position. — Zone  of  A.  Bucldandi,  Redcar  (abun- 
dant). 

Montlivaltia  polymorpha,  Terguem  and  Piette. 

1865.    *  Lias  Inf.  de  VEst  de  la  France,*  pi.  xvi  figs.  17-21. 
1867.     Duncan,  loe,  eti.  pi.  vii.  figs.  14,  15,  pi.  yiii.  figs.  1-4. 

Elongated  and  cylindrical,  generally  attached. 
Geological  position, — Zone  of  A,  angulatus,  Redcar  (8  exs  ). 

Septastraea  excavata,  Fromentel, 

I860.     Martin.     '  Infraliaa  de  la  Cdto-d*Or,*  pi.  yiii.  figs.  1-^5- 
1867.     Duncan,  loe.  eit.  pi.  i.  fl«?8.  6,  7. 

The  only  compound  coral  of  our  Lias. 

Geological  position, — Zone  of  A,  angulatus.  Cliff  (2  exs.),  And 
one  in  a  block  found  at  Redcar. 


Under  thia  head  we  may 
imttare  we  are  ignorant, 

1,  The  pointed  organisms  called  by  Qnenstedt  (*Jnr«/  pL 
XXIV,  fig.  59)  Onifchiteg  ntimismtdiiy  which  we  have  met  with 
ta  the  Jame8oni-hGdB  at  Peak. 

2»  Segto^nts  of  what  may  be  Crinoid  arroe^  oonsiating  of  flat 
piec^ft,  with  generally  one  more  or  less  central,  and  Severn i 
exterior  perforations,  as  in  pL  XVII.,  fi^,  40,  often  arranged  in  a 
citicsifurm  manner.  They  are  of  minute  size,  and  exceedingly 
abundant  among  the  mierozoa. 

3,  Brown  homy  teeth  or  hooks,  broken  off  irreg»*latly  below, 
as  in  pK  XVII.,  %.  41,  which  may  have  very  possibly  biflorged 
to  the  anas  of  Belemnites^  or  rather  perhaps  to  naked  Cephalo- 
pods,  as  the}!-  occur  in  the  lower  beds,  where  Belemnites  are  rare. 
They  arc  abcmt  ^^j  inoh  In  length. 
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CLASS  RHIZOFODA. 

By  J.  F.  BLAKE. 

ORDER  FORAMINIFERA. 

Like  the  Entomostraca  and  other  Microzoa,  the  Foraminifera  of  the 
Lias,  as  of  other  Jurassic  rocks,  have  heen  very  much  neglected 
by  geologists.  Their  abundance  and  beauty  as  microscopic  objects 
might  have  attracted  attention,  but  for  the  difficulty  of  their 
nomenclature  and  the  little  value  they  have  been  thought  to 
possess  as  characteristic  fossils.  A  few  words  must  be  said  on 
these  two  points  in  connection  with  each  other. 

With  regard  to  their  nomenclature  there  are  two  distinct 
schools,  one  might  almost  say :  one,  the  English,  who  include  a 
long  series  ranging  through  all  time  under  one  species;  the 
other,  the  Continental,  who  treat  dififerences  in  Foraminifera  as 
they  would  in  other  shells,  and  give  new  names  to  all  that  can 
be  distinguished  from  each  other  in  one  formation  only. 

The  principle  of  the  English  school,  unfortunately  a  too 
limited  number,  is  that  *'  the  element  of  time  is  to  be  excluded 
from  the  definition  of  a  species."  Certainly  the  difficulties  arising 
from  the  long  persistence  and  intimate  connection  of  fossil  forma 
reach  their  maximum  among  the  lowly  organised  Foraminifeia, 
and  we  have  to  £sice  the  question  whether  we  will  call  a  Silurian 
and  a  recent  form  by  the  same  name  ;  and  it  is  a  crucial  question 
as  to  the  naming  of  fossils  in  general,  for  we  must  follow  the 
same  principle  in  every  case.  If  we  do  not  believe  in  the  con- 
tinuity of  life,  but  think  that  each  species  has  a  something  that 
cuts  it  off  from  all  others,  then  we  snail  be  able  to  attach  some 
meaning  to  the  words  **  a  true  species,"  and  understand  how  a 
whole  serias  of  forms,  placed  by  some  under  different  genera, 
and  almost  families,  can  be  called  by  others  ^'  but  one  species ;" 
for  where  the  gaps  are  bridged,  however  slightly,  there  can 
})G  no  separation  of  species  in  this  sense.  But  if,  on  the  other 
hand,  we  conceive  that  there  has  been  a  gradual  development  of 
life,  by  what  laws  we  may  not  know,  then  the  existence  of 
passage  forms  is  to  be  expected  in  all  parts  of  the  animal  king- 
dom, and  most  so  in  the  abundant  and  simple  Foraminifera,  and 
it  would  be  a  mere  playing  upon  words  to  call  this  a  ^'species," 
that  a  "  variety,"  and  that  a  **  sub-variety,"  merely  on  account 
of  our  knowledge   or  otherwise  of  these  passage  foi-ms.     Our 
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names  should  be  mere)}''  ^ymboU  for  certain  fortng.  Eitid  akould 
not  be  considered  as  predicatiniif  any  supposed  want  of  genetic 
connection  with  other  forms.  Forras  are  found  to  varj  witli 
time,  place^  and  circuniMtanee  *  and  though  the  Pi»raniinifera 
^em  least  affeoted  by  the  two  former,  and  (^raetime©  altnast 
inappreciably  by  the  first,  which  has  so  marked  an  influence  on 
higher  forme^  yet  as  much  importance  should  be  attached  to  tbe 
changes  affected  by  ono  cause  as  liy  another,  when  they  are 
determinate  and  constant.  If  two  forms  art*  undistinf^uiehable 
though  separated  by  a  long  interval  of  time,  the  principle  of  time 
not  forming  an  element  in  the  definition  uf  a  Mpecie^  ahould 
prevent  us  from  using  two  names  ;  but  if  there  ia  any  con  at  ant 
difference,  the  fact  of  their  being  remo'ved  from  each  other  in 
time  may  make  it  of  sufficient  rmpoitanoe  to  require  recognition 
by  a  nauiCf  though  it  might  not  be  eo»  if  they  were  inhabitant:^ 
of  the  same  sea. 

The  Foraminifera  thereforie  of  the  Liaa  are  not  here  jumbled 
together  under  a  few  names  of  recent  foi^asi,  with  the  remark 
that  they  all  very  much  resemble  each  other;  hui  J  have  ta.kfkQ 
names  from  the  described  forms  of  any  age  when  they  fairlj 
represent  the  TJaisic  form%;  but  when  there  is  any  snffioif^utlj 
distinct  charticter  I  liave  used  the  names  of  Terquem  or  Bitme- 
matin,  who  have  perhaps  given  too  maoy,  and  in  some  caaes 
iiimdo6ti«aT}r  ones* 

TheiTft  ate  no  previous  authors  on  Foraminifera  from  the  Lias 
of  Yorkshire,  and  even  from  that  of  England  the  only  ooei- 
tribution  of  importanoe  is  that  of  Mr,  H.  B.  Bmdy,  in  Moore's 
*  Middle  and  t'pper  Lias  of  the  South- west  of  England,  1866/ 
except  notices  that  forms  described  from  other  formationa  occur 
also  in  the  Lias  desorlption  of  single  specimens,  and  Mr.  Wright's 
lint  of  thoHe  found  m  tbo  Lias  f»f  D(^lfa«t.  Kur  this  reason  I  have 
thought  it  worth  while  to  give  illustrations  even  of  well-known 
forms,  although  by  figuring  less  distinct  varieties  the  number 
could  have  been  largely'  increased. 

Liassic  Foraminifera,  though  belonging  to  forms  which  are 
found  in  beds  of  many  ages,  have  in  their  assemblage  a  distinct 
facies.  I'he  most  common  species  are — Involutina  li4issica,  Lingu- 
Una  tenera,  its  variety  Lingulina  striata ;  Nodosaria  raphanutrum, 
Dentalina  communis,  D.  Breoni  and  D.  funiculosa,  Frondicularia 
intumescens  and  F.  sulcata,  Marginulina  raphanus  and  M.  incequi^ 
striata,  Cristellaria  recta  and  C  Bronmi,  and  Polymorphina  fum- 
formis  and  Pulvinulina  elegans,  most  of  them  belonging  to  the 
Family  Lagenida.  The  other  families  are  feebly,  if  at  all, 
represented,  and  we  miss  the  Miliolines  and  Rotalines,  so 
numerous  in  more  recent  deposits.  The  latter  however  occur 
rarely,  and  were  found  commonly  in  the  Trias  of  Chellaston 
(Jones  and  Parker,  Q.  J.  G.  S.,  vol.  XVI.  p.  462)  in  one  of  their 
simplest  varieties;  and  these  facts  would  seem  to  indicate,  if 
we  are  to  be  guided  by  the  law  of  tbe  lowest  type  appearing 
first,  that  we  should  regard   the  Imperforate  group  as  higher 
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than  the  Perforate— indeed  the  restriction  of  the  nutritive 
function  to  one  portion  of  the  body  is  an  advance  upon  its 
vegetal  ive  repetition. 

The  chief  repositories  of  the  Foraminifera  are  the  soft  clays  of 
the  various  zones.  These  are  washed  down  with  painter's  brush 
and  basin  till  the  washings  are  clean,  and  the  Microzoa  are 
picked  out  of  the  dried  residue,  after  passing  through  a  sieve 
47  to  the  inch,  with  a  camers-hair  brush,  under  a  Binocular 
with  J  in  object  glass.  The  smaller  forms,  and  it  is  believed  even 
the  smallest  present^  are  thus  detected,  while  a  few  larger  ones 
are  picked  out  of  the  portion  which  does  not  pass  the  sieve.  All 
the  figures  are  drawn  to  the  same  scale,  so  that  their  relative 
sizes  may  be  seen  at  a  glance.  The  harder  shales  and  rock  beds 
have  yielded  scarcely  any,  though  searched,  except  when  soft 
bands  intervene,  as  in  the  capricomus  shales  of  Huntcliff.  Ko 
Microzoa  have  been  detected  in  the  main  seam  of  ironstone.  Nor 
have  we  been  much  more  successful  in  the  true  Upper  Lias :  the 
most  promising  portions  of  the  alum  shale,  jet  rock,  and  Jurensit- 
beds  have  been  washed  down  with  little  result.  We  have  already 
noticed  that  in  going  downwards,  the  Foraminifera  suddenly 
ceafse  with  the  beds  associated  with  Pleuromya  Crowcomhei. 


SUBOEDER  IMPERFORATA. 

Comuspira  Inflma,  Siriekkmd,  tp. 

PI.  XVIII.,  fig.  1. 
1846.    *  Quart  Jour.  Qeol.  Soc*  vol.  ii.  p.  30. 

Whorls  cylindrical,  evolute,  without  ornament,  occasionally 
constricted,  centre  spherical.  The  shell,  when  preserved,  is 
glabsy  in  appearance,  and  this  may  therefore  be  a  Spirillina^  but 
no  perforations  of  the  wall  can  be  seen.  We  cannot  expect  to 
make  out  the  shell  structure  of  so  small  and  possibly  altered 
organisms. 

The  c^-ntral  sphere  distinguishes  this  from  C.  involvens  (Reuss) 
and  C.  Hasina  (Terq.). 

Oeological  pogition, — Zones  of  A.  plancrbis.  Cliff;  A,  angfilatuf. 
Kedcar;  A.  BfirJclandi,  Redcar:  A.  annulatus.  Hob  Hill. 

Miliola  Scheibersii,  HOrbigny, 

PI.  XVIII.,  fig.  2. 

1846.     '  Foram.  Foia.  de  Vienne,*  t  xix.  figs.  22-24. 

A  coarse  form,  showing  only  two  chambers  on  one  side  with 
coarse  ribs,  rather  inflated  below.     It  differs  from  M.  lioiina, 
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Terquein,  i  ti  it»  ti>o  eoarae  ribsj  but  does  not  agree  verj^  perfecilj 
with  JJ'Orbignyi  figure. 

Gmlogical  p(mtiotk — Zone  of  A.  planorhtM,  Cliif  (1  ex.)* 

Trochammina  irregulariSj  lyOrbig^, 
PL  XVIII.,  figs.  3,  4, 

1 8i8.    '  Prod  I  omu<  toL  il.  p.  1 1  L 

1862.    Carpenter.    '  IntnKl.  to  the  et^dy  of  Foratna*  pi.  iL  fijs^,  6-10. 

l&6ti,     Biady.    '  Mooie'a  Mid.  o^nd  Up.  Lle^,  %M.  Englatiil/  pL.  i.  ggH    1-Z. 

Shell  aflherent,  oojisiBtiiig  uf  sevcml  hemisphericul  chambers, 
connected  by  narrower  pai:8ag:ejs ;  textnre  fine,  Dirtereut  arraDge* 
inent^  and  forms  of  the  chambera  occur;  some  are  lageniform, 
some  bi furcate,  and  others  like  VertebreUina. 

Geohgieal  p&9ition,^ZoT\<i  of  A.  planorhi^^  Clifi; 

Trochammina  Incerta,  D'Orhi^nf, 
PI,  XYll,,  fig,  17, 

1839.    *  Foram.  de  Cuba/  pi.  vj.  figs.  Jd,  17, 
1B57.     WmijiiJiion.     '  Mouog.  Brit,  Fut:  fig.  mk 

Very  arenaoeouat  somewhat  like  a  C&mtupira, 

Geohgi&il  jtemtkm. — Zones  of  A.  anwdaiuB,  Huh  Hill  (I  tjx.J^ 

A.  communtM^  Bt>ulby  (1  ex.). 

Trochammina  Inflata^  Montfort. 
PL  XVIL,  fig-  18. 

1 80fi.    *  OoDch  y  1 .  Sy at^'matiqne.^ 

1S€2,     CiLrpc^titt-r.     '  lutrod,  Lu  Study  of  Forams,*  pi.  xi,  fig.  5, 

Turbinate,  like  a  Botalia,  last  cliambers  occupying  the  whole 
of  the  under  side. 

Geological  position. — Zone  of -4.  communis,  Boulby  (1  ex.). 

Lituola  agglutinans,  D'Orhnj,.  . 
PI.  XVII.,  fig.  40. 

1846.     *  Foram.  Foss.  de  Vienne/  pi.  vii.  tigs.  9,  10. 
1869.    Parker  and  Jones,  loc.  cit.  pi.  xx.  fig.  47. 

Geological  position. — Zone  of  A.  communis,  Boulby  (1  ex.). 

Lituola  globata,  Spec  nov. 

PI.  XVIII.,  fig.  5. 

Syn.  ?  1870.     Wehhina  in/raoolitica  (pars).    Tenjuom.     *Mem.  sur  les  Forain. 
oolitiques,*  pi.  xxix.  fig.  24. 

Very  rough  and  arenaceous,  and  of  free  habit.  These  are  the 
characters  of  the  genus  Lituola ;  but  the  aspect  of  the  shell  is 
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more  that  of  OlMgeritia,  oonsisting  of  globular  chambers,  situ- 
ated irregularly  about  a  centre. 

The  mimicking  by  arenaceous  species  of  the  forms  of  the 
other  two  families  is  so  widespread,  that  the  families  would 
appear  to  be  more  closely  connected  than  is  usually  supposed. 

Oeological  position. — Zones  of  A.  planorhisy  Cliflf  (3  exs.); 
A.  annulatua.  Hob  Hill  (2  ex.). 

Involutina  liassicai  Jones,  tp. 
PI.  XVIII.,  figs.  6,  ea. 

1853.    •  Proc.  Cotteswold  CinW  vol.  L 
Syn.    1863.    J<>neHjDe8lcmgchampn,polyniorpha,limiUi^    Terquem.  'M^m. 
BUT  For.  du  Lias,*  pi.  vl.  fig.  22,  pi.  x.  ^.  22-24. 

Large,  very  rough  and  arenaceous.  Similar  in  form  to  Comtit- 
8pira,  but  having  the  central  part  of  one  side  covered  with  a 
rough  or  tuberculated  overgrowth,  leaving  the  outside  whorl 
alone  visible.  On  the  other  side  they  all  appear  with  angular 
margins.  Terquem  says  the  chambers  are  divided  by  semi- 
partitions,  but  of  these  I  can  find  no  sign. 

The  genus  seems  to  be  peculiar  to  the  Lias,  where  it  grows 
to  great  size,  and  is  abundant. 

Oeological  position,— Zones  of  A.  anguUdus  and  A.  BucJdandi, 
Eedcar. 

SUBOEDEB  PERFORATA. 

Lagena  laevis,  Montfort,  sp. 

PL  XVIII.,  figs.  7,  7a. 

1808.    *  Gonchyl.  System.' 

1865.    Jones,  Parker,  and  Brady.    '  For.  of  Crag '  (Pal.  Soc.),  33. 
Syn.  1857.    VtdgarU.    Williamson.    '  Beo.  Foram.  Great  Britain,'  pi.  i  fig.  5. 

The  commonest  of  the  Liassic  Lagence  cannot  be  distinguished, 
except  by  its  small  size,  from  the  living  form.  It  is  smooth, 
elongate,  and  short-necked.  These  are  among  the  smallest  of 
the  forms;  and  Terquem,  who  does  not  record  it,  may  have 
missed  it  from  its  minuteness.  A  remarkably  depressed  form  is 
represented  in  fig.  7a. 

Oeological  position, — Zones  of  A,  pHanoMs,  Cliff;  A,  Bucklandi, 
Redcar. 

Lagena  natrii,  Spec.  nov. 
PI.  XVIIL,  fig.  8. 

This  belongs  to  the  'sulcata'  group,  but  is  more  cylindrical 
in  form  and  rougher  in  appearance  than  any  recent  shell.    When 
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uot  toQ  I'ough,  8ulo%tiaiis  niay  be  ^een^  and  tbe  enlarge  me  til  itt 
the  end  of  the  neck.     It  reminds  on©  tif  *i  iodi4*wnrer  battle. 
Qidogioal pi^Uhn^^-ZoTie  of  A,  planorhis,  i'M^. 

Lagena  elongata,  Elireniferg, 
PI.  XVm.,  %a  9,  9a. 

lB5i.    *  M  ici^ogmlo^ie/  pi.  %%v.  A. 
Sfu.  18.^8.     Ool^na /tm/ormii^  funti^olafa,  a^ieufarCi^  log^iutlM,  nmplei      IW* 
qoeni,  foe;,  cit  pL  t^ii.  flg.  1  i  ph  I  figs.  1-3;  pi-  v.  §g4.  I,  1. 

A  mil  row  tubu  t*w*^lUiig  in  th&  mlciille  atid  optjn  at  boih  ends. 
The  p(.isition  and  ararmut  of  t ho  s welling  are  variHUe,  i*i*d  give 
rjBe  to  TerqaemV  di^FoTont  natnod  forms,  ea^b  ropieaeDted  hy 
only  on©  Bpecimcn.  The  enJ  is  alacj  ^jmL*timea  bwuUoq  (fig>  ©a)— 
perhapa  always,  und  then  often  bruktn  otll 

QeokigtcQi  j>oi*ij cm.— Zones  of  j1.  plamrbi*,  Cliflf  fmiiojr);  A  on- 
fuio/Hs,  Redcar  (1  eat.) ;  A,  Btifklundi,  I^edoar  (a  ex».). 

Lagaoa  ovata,  r«^i«m. 
PL  XVUl.,  t^.  10. 

1S5§.     '  19^.  mil  tea  Fomiii,  dm  Uft«,'  |»l  i  %.  2.  »tMi  pi  T.  Ilg,  8. 

This  differs  in  shape  fiom  aU  oth^r  Lar/enm,  being  flattened 
and  acuminate  below,  like  a  plasterer***  truweL  The  n^ck  ifi 
ebon. 

Geological  pfj»iliim.—'£one  of  4,  ptarnrrhk.  Cliff  ( I  ©X,), 

Glandullna  humilis,  Umer. 

PI.  xvni.,  fig.  11. 

1841.     •  Verat.  der  Norddeutsch.  Kreido/  pi.  xv.  fi^.  6. 

1865.     Brady  in  Moore's  '  Mid.  and  Up,  Lias,*  pi.  i.  fig.  5. 

1860.     Jones  and  Parker.     '  Quart.  Jour.  Geol.  Soc.*  vol.  xvi.  pi.  xii. 

fig.  6. 
Syn.     1854.     Rotundataj  major.     Bomemann.    *  Liasformation  v.  GK)ttingeD,' 

pi.  ii.  fiKS.  1,  2,  4. 
1860.     Glan8.    Jones  and  Parker,  loc.  cii.  fig.  7. 
1862.     Meterme,  ovi/armis.     Terquem,  loc.  cit.  pi.  v.  fig  9 ;  pi.  vii.  fig.  4. 

The  chambers  rapidly  enlarge,  are  smooth  and  rotund,  with 
the  margins  slightly  constricted.  It  is  a  common  and  long- 
continuing  form,  and  is  closely  allied  to  G.  lawia. 

Geological  pontion. — Zone  of  i!.  capricomus^  Saltburn. 

Glandulina  cuneiformls,  Terquem. 

PI.  XVilL,  fig.  12. 

1866.     Loc.  cit.  pi.  xix.  fig.  7. 

Bemarkable  for  its  elongation  and  complete  absence  of  con- 
strictions.    It  resembles  a  long  bullet.     Its  partitions  are  seen 
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as   thin    circular  lines.      The   end  in  surmounted   by  a  low 
truncateil  cone,  having  the  apei  ture  at  the  top. 

Oeological  pontion. — Zone  of  A.  angulatus,  Red  car  (1  ex.). 

Glandulina  paucicostai  Homer. 

PI.  XVIII.,  fig.  13;  pi.  XIX.,  figs.  1,  la. 

•       1841.     '  Veret.  Norddeutsob.  Kreide,'  pi.  xv.  fig.  7. 
1865.     Brady,  loc.  cit.  pL  i.  fig.  8. 
Sjm.     1854.     Quinqueco9tcLlat8exco9Uiia^iepUjmg%ila^ 

and  Nodomria  novemcostata.      Bornemann,   loc.  eit.  pi.   ii. 
figs.  6-12. 

This  straight-ribbed  Glandulina  is  so  well  marked  that  it  is 
surprising  that  Bornemann  should  have  made  so  many  species 
of  it,  as  it  acquires  more  ribs  according  to  its  nourishment  and 
size.  The  first  chamber  is  sometimes  enlarged  and  without 
costsB  (PI.  XVIII.,  fig.  13\  the  remainder  are  without  con- 
strictions, not  numerous,  with  5  to  9  ribs.  There  is  a  certain 
obliquity  about  some  that  leads  on  to  Marginulina,  PI.  XIX., 
fig.  la,  doubtfully  belongs  here.  It  may  be  Dentalina  cuneifarmit, 
Terquem  (*For.  Ool.,*  PL  XXIV.,  fig.  24). 

GeologicaJ  position,  —  Zones  of  A,  planorbis,  Cliflf  (1  ex.)  ; 
A,  Bueklandi,  Bedcar  (many). 

Lingulina  tenera,  Bornemann. 
PI.  XVni.,  figs.  15,  15a. 

1864.  *  Liaaf.  v.  Gottingen,*  t  iii.  fig.  24. 

1865.  Brady,  loc.  cit  pi.  i.  fig.  11. 
1858.    Terquem,  loc.  cit.  pi.  i.  fig.  14. 

Syn.     1858.    Hexagona.    Terquem,  loc.  cit.  pi.  i.  fig.  18. 

Shell  straight,  compressed,  more  or  less  pointed,  with  two 
conspicuous  ribs  on  each  side,  and  intermediate  ones  less  marked. 
Septa  straight  or  slightly  chevron-shaped,  not  very  long. 

None  of  the  quoted  authors'  figures  represent  good  typical 
forms  of  this  species,  which  is  most  abundant  and  very  char 
raoteristic  of  the  Lias,  and  apparently  peculiar  to  it. 

Geological  position, — Zones  of  A.  planorhisj  Cli£f;  A,anffuiaiiu, 
Rodcar ;  A»  Bucklandi,  Bedcar,  Bobin  Hood's  Bay ;  A,  ocBjfnotus, 
Market  VVeighton,  Warter ;  A.  eaprieomusy  Saltbum ;  A.  afm»- 
latus,  Millingtou. 

Lingulina  striata,  l^pee.  nov. 

PL  XVIIL,  figs.  16,  16a. 

lliis  departs  very  widely  from  the  original  description  of  the 
genus  Lingulina,  being  very  long  and  pointed ;  but  it  is  closely 
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tiUied  to  L.  tmera.     Its  Hba  iire  very  fine  and  irregalar,  and  it 

ptjts  on  several  cmiotiB  shapes  (as  does  L,  t^nera)  t  find  in  Mom^ 
the  ribii  are  m  unequal  a^  to  uhow  the  passage  to  the  last-named 
form.  Fig,  16a  represents  a  BCftrcely  oomprci*ti«ed  form  with 
r«g*jiar  ribs,  which  has  a  very  diiForent  appwaratico  to  the  moot 
typical ;  but  it  may  be  matched  by  the  first  portiona  of  some  of 
the  larger  onea. 

Geologkal po§it%&n. ^Zono  of  A.  platiorhu^  Cliff  (abimdi^ni). 


Nodosarla  radicula,  Linnm^B. 

PI  XVIllMfig^  17* 

1758.  *  Systeiua  Naturw/  ed.  10. 
li$5.  Brad)',  Iax.  pU.  pi  I  fl^.  4. 
I960.    JoticB  nod  rurkur^    *  QtLAtt^  Jour.  Geol.  Soc*  toI.  xvi.  pL  xu. 

Bjn,  1§62.  Nodomiria  nitidu,  rrgularUt  cIat^i/&rmiM,  Oiandt^iwi  rofitou^  Mar- 
ijiaulina  pupoifl^.  Terntinm^  fc*.  ciL  \A,  v.  %»,  11.  12 ;  pL  :iij. 
flg.  17;  pi  V.  figB.  10,  2t>. 

Th«  simple,  globular,  iiearl  equal-aizedy  cbamljers^  with 
marked  constrictions,  forming  this  strai|^ht  »hell,  admit  of  no 
variation  requiring  a  separate  name.  No  definite  distinction 
can  be  drawn  betwt^en.  the  LiHfisic  and  reaent  epeoimeiLB,  and 
the  speoiea  is  continuous  between  these  penodn. 

Geological  j?tMw^ urn,— Zones  of  A.  phnorvift.  Cliff;  A.  BiirMandi, 
Hedcar;  A,  armalm,  Warter. 


Nodosaria  raphanus,  LtnnsBus, 

n.  XVIII.,  figs.  14,  14a. 

1758.     *Sy8tema  NatursB/  ed.  10. 

1865.     Brady  in  Moore's  *  Mid.  and  Up.  Lias/  pi.  i.  fig.  6. 

1860.    Jones  and  Parker.     '  Quart.  Journ.  Geol.  Soc.*  vol.  xvi.  pi.  xix. 

fig.  10. 
Syn.     1858.    Simoniana.  sexcostata,  hortensts.   Terquem,  loc.  cit.  pi.  i.  figs.  4, 5  ; 

pi.  xix.  fig.  13. 

The  ribbed  NodosaricB  differ  in  the  number  of  the  ribs,  and 
the  shape  and  connection  of  the  chambers.  The  latter  have  too 
numerous  and  indefinite  variations  to  be  usefully  distinfruished. 
We  may  therefore  use  three  names  only  :  N.  raphanus^  for  those 
with  few  ribs ;  N.  raphanistrum,  for  those  with  many ;  and 
N,  nitida,  for  some  that  are  altogether  much  more  slender  and 
have  still  finer  ribs.  There  is  no  doubt  that  isolated  specimens 
unite  all  these  together;  but  it  is  nevertheless  convenient  to 
distinguish  them,  and  to  keep  the  term  Nodosaria  for  straight 
forms  only.     These  are  absolutely  identical  with  living  forms. 

Geological  position. — Zones  of  A.  planorbis,  Cliff;  A.  angtUatus, 
and  A.  Bucklandi^  Redcar. 
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Nodosaria  raphanistrum,  Linncetu. 
PI.  XVIIL,  figs.  18,  18a. 

1758.    *  Systema  Natune/  ed.  10. 
1865.    Brady,  loc.  cit  pi.  i.  fig.  7. 
Syn.     1860.    BadenentU  (pars),  lineoUUu.    Joues  and  Parker,  loc.  cit.  pi.  xix. 
figs.  9-11. 
1858,  63.    PHma,  meterms.   Torquem,  loc.  cit.  pi.  i.  fig.  6 ;  pi.  vii.  fig.  5. 

The  many-ribbed  variety,  fig.  18a,  is  intermediate. 

Geological  position. — Zones  of  A.  planorbis.  Cliff;  A.  angulcUu$ 
and  A.  Bucklandi,  Redcar ;  A,  capricomua,  Saltburn  ;  A.  annula- 
/tf8,  Millington. 

Note. — In  Mebsrs.  Jones,  Parker,  and  Brady's  Monograph  of 
the  Foraminifera  of  the  Crag,  in  the  Palseontographical  Society's 
volume  for  1866,  the  names  of  these  two  species  seem  to  be 
mis-matched  with  reference  to  pi.  I.,  figs.  4  and  8. 

Nodosaria  nitida,  D*Orbigny, 

PI.  XVII.,  fig.  19. 

1826.    *  Annales  des  Sciences  Nat.*  p.  254,  No.  33. 

1871.    Parker,  Jones,  and  Brady.     '  Annals  of  Nat  Hist.'  pi.  ix.  fig.  44. 

The  slender  constricted  variety. 

Geological  position. — Zones  of  A,  planorbis,  Cliff  (5  exs.) ;  A.  capri* 
comusy  Saltburn  (1  ex.). 

Gknus  Dentalina. 

[Section  with  oblique  septa  and  smooth  chambers.] 

Dentalina  communis,  UOrhigny. 

PI.  XVin.,  fig.  19. 

1840.  *  Mem.  Soc.  G^l.  France,*  vol.  iv.  pi.  1.  fig.  4. 

1860.  Jones  and  Parker,  loc.  cit  pL  xix.  figs.  25,  26. 

1865.  Brady,  he.  cU.  pL  i.  figs.  12,  13. 

Syn.    1858.  VetwtOy  iarta,    Terquem,  loe.  cit.  pL  i.  figs.  4,  6. 

The  first  chamber  varies  in  shape,  and  some  have  so  strong 
constrictions  between  the  chambers  as  to  look  like  curved  Nodo- 
saria  radicula. 

Geological  position. — Zones  of  A.  jplanorhis.  Cliff;  A.  angulahu, 
Millington,  Bedcar;  A.  Bucklaindt,  Bedoar  and  Bobin  Hood's 
Bay ;  A,  cc^^ricomus^  Saltburn ;  A.  margaritaiusy  Eskdale  (bottom 
seam). 

Dentalina  Breoni,  Terguem. 

PI.  XVIIL,  fig.  20. 

1863.    *  M^m.  Bur  Foram.  du  Lias/  pi.  vii.  fig.  16. 

Chambers  rapidly  increasing,  last  vory  much  the  largest. 
The  outlines  of  both  sides  are  sigmoid  by  the  bending  up  of 


Ifeu  fifht  rtiaiiilttfr.  This  *^bell  itt  v*'ry  rouipclii  and  has  an  ataaai^ 
ecoui  appeaiiinQe,  but  i*i  calt^reou^,  Terqnoiii*B  fig^iire,  thuugli 
Tiot  well  ri^presjontiBg  Yorkshire  forma,  hn*  the  peouJ iar  aspeui 
of  tbii  ttpetnew,  which  i*  very  abundant  in«  nad  «np&an»  cbamc^ 
^riiitie  uf,  tho  Lias,  unless  Kub^tjrV  Va^tnuiina  ^m^^  or  eUgam 
|[*F»>r  Schwei3t»  Jnra/  tab.  I.,  ftga.  7.  8)  rofinsents  it. 

Ocoloykal  pomtion. —Zion^^s  af  A,  p^unorhtu.  Cliff ;  A,  unguiaims^ 
(Jieijcaj. 

Deatallnaollgostegia?  Umm» 

PI.  XVII  h,  fig,  21. 

f  IIS.    '  Vei»t  mbm  Kroia<»/  Uli.  zUl,  Ogn.  19,  2(1, 

Tbis  form  is  vtirv  ooDstaDt ;  U  consists  of  tkreti  c^bombeis,  of 
a  peculiar  wn-p-like  form^  the  eentro  one  general Ij  this  %iwkllmi, 
:  and  the  two  ontside  ones  pnintBd. 

I     Hens.^*6  gguiG  bears  ^ufHoieut  r^^ttmbUnoi!  to  thiH  to  indnee 
^tna  t*i  tefer  it  to  bis  species,  though  witb  some  doubt . 

Gmlogica  I  jjmtt  ion . — Zo  n  es  of  A ,  pla  norhh,  CI  i  tf ;  il .  Bucklandi, 
HedcJir  (3  exs/) ;  j4,  a»Tmfa/«*,  MinmgU>n(l  t:J£.  with  tby  rb ambers 
obscure,  but  pointed  ^t  i  oth  enda*)* 

DentaZlna  planata,  Spec,  nor. 
Ph  XVIIL,  p.  lii. 

*rhe  »idi38  are  nearly  eiraight,  and  quite  ttan  from  amairicttun*. 
^\%  IB  produced  to  a  curved  sharp  point  bejond  the  chnmbers 
below,  and  is  surmounted  above  by  a  truncated  cone  with  the 
ap^x  at  the  top.     Septa  oblique, 

I  can  find  no  representatian  of  this  from  other  localitie«. 

Geological  position. — Zones  of  A.  planorhis,  Cliff;  A.  annulatus, 
Miliiugton. 

[Section  with  straight  septa  and  smooth  chambers.] 

Dentalina  pauperata,  UOrhigny. 

PI.  XVIIL,  p.  23. 

1846.     •  Foram.  Fobs,  de  Vienne,'  pi.  i.  jSgs.  57,  58. 

1865.     Brady,  he.  cit  pi.  i.  fig.  14  (non  Jones  and  Parker,  loc.  cit. 

pi.  xix.  fig.  22). 
1867.     Jones,  Parker,  and  Brady.     '  Crag  Foram.'  (Pal.  Soc.)  pi.  i. 

figs.  13—18. 
Syn.     1858,     Terquemi,  obscura,  subelegans,  irregularis,  Collenoti,  arhtucula, 
1863        Terquem.  loc.  cit  pi.  u.  figs.  1,  2  ;  pi.  v.  figs.  21,  23  ;    pl.  vii. 

fig.  15;  pl.xix.  fig.  30. 

No  constrictions  between  the  earlier  chambers ;  apex  pointed 
or  globular;  shell  stout  and  large.  This  f^hell  is  usually  called 
D.  pauperata,  but  the  name  is  not  the  earliest  applied  to  it. 

Geological  position. — Zones  of  A,  planorhis,  Cliff;  A.  angulatus. 
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Hedcar  (3  exs.) ;    A,  Bucklaitdi,   Redcar  (8  exs.)  ;  A.  annulatus. 
Hob  Hill  (2  exs.) 

Dentalina  breviSi  D'Orbigny. 
PL  XVIII.,  p.  24. 

1846.     *  For.  Fo88  de  Vieiine/  pi.  it.  figs.  9.  10  (noii  Joneeand  Parker, 
loc.  cit.  pi.  xix.  figs.  23,  24.   See  JoDes,  Parker,  and  Brady,  2oe. 
cit  pi.  iv.  fig.  10). 
Syn.     1862.     Periueida,  compresm.    Terquem,  fee.  <»e.  pi.  Y.  fig.  22;  pi.  yii. 
fig.  10. 

This  differs  from  D.pauperata  in  the  small  number  of  chambers, 
and  in  their  being  more  conspicuous.  Its  aspect  is  quite  diflfer- 
ent,  and  the  shell  seems  to  l«ave  been  thin,  as  they  are  sometimes 
compressed  by  pressure,  as  in  D,  compressa  of  Terquem. 

Geological  position, — Zones  of  A.  planorbis.  Cliff;  A,  angulatta 
and  A.  Buckfandiy  Redcar. 

Dentalina  tecta,  Terquem. 

PI.  XVIIL,  fig.  25. 

1858.     '  For.  du  Lias/  pi.  ii.  fig.  21. 

Shell  nearly  straight ;  chambers  cylindrical,  with  a  tendency 
to  compression,  limbate. 

Oeologtcal position, — Zone  of  A,  planorbis.  Cliff  (4  ext*.). 

Dentalina  nodosa,  D'Orbigny, 

PI.  XVIII.,  fig.  26. 

1840.    *  M^m.  Soc.  G^l.  France/  pi.  i.  fi«;s.  6, 7  (non  Nodo$aria  nodom 
(D*Orbigny)  in  Parker,  Jones,  and  Brady,  loc.  cit,  pi.  ix.  fig.  55). 
8yn.     1858,  62.    Subnodosa  (non  Reuss),  pyri/ormU,  nmplez,    Terquem,  loe. 
cU.  pi.  ii.  figs.  7,  22;  pi.  v.  fig.  17. 

A  slender  form,  each  chamber  slightly  pear-shaped,  nearly 
straight. 

Geological  position, — Zone  oi  A,  planorbis.  Cliff  (3  exs.). 

Dentalina  monilis,  Comuel 
PI.  XVIII.,  fig.  27. 

1848.    '  M^m.  Soc.  GM,  France.'    2nd  ser.  vol  iii.  flg.  18. 
8yn,     1871.    Nodosaria  iUi/ormis  (D'Orbigny).    Parker,  Jones,  and  Brady, 
loc.  cit.  pi.  ix.  fig.  48. 
1858.    D.  V€tii8tis9imaf  Ixiccata^  fragili$^  pseudomonik,  Terquem,  loe. 
cit.  pi.  ii.  figs.  8,  9,  17,  18. 

Each  chamber  is  eg^-shaped,  and  they  seem  as  if  simply  stmng 
together.    Shell  much  curved,  slender.    Chambers  Tariable  in  size. 

Geological  position, — Zones  of  A,  planorbis,  Cliff;  A,  annulatus, 
Millington  (1  ex.). 
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Denlalina  glandulosa,  Terquem. 

VI  XIX.,  fig.  2, 

1862.     *  FotanL  Fosr.  rlu  Ltafi/  pi  v.  fijj.  15. 
t*jTi,     1865,     FiH/ormi^  (D'Orbigny).     Brady,  loc  eit  jd.  i.  flg,  IG. 

Kucli  cLamber  ii  very  olongato,  ernd  in  separated  by  a  gradual 
conMtriction  from  the  ntsxt. 

COibigny'a  jiHTaQ  JiUfomm  was  given  to  a  shell  figured  bv 
8oKUni,  whose  work  is  very  inaccewiible*  Parker^  Jones,  and 
Brady  (toe*  cit.)  figure  D.  fnontlis  tinder  this  name.  Brady  {lof\ 
ctL)  figures  a  different,  form  under  tlie  same ;  and  Reniss  applies 
th*^  sftine  name  to  a  different  species  {'  Bdbtn.  Kreide/  vol.  Xll^ 
0g,  2S)fS0  that  to  avoid  con  fusion  it  is  be»t  to  adopt  a  difierent 
one,  «"oh  as  Terquem's. 

Geological  posUwn, —Zou%s  of  A.  planorhk^  Cliff  (2  exa.);  A, 
angulatui,  Rcdcar  {1  ex.);  A.  Bucklandi^  Eedcar  (8  exg,). 

Note. — In  PL  XVII.,  fig,  20,  is  represented  what  may  be  a 
Dentaline,  sueli  a&  Terqnem  descfibea  bm  Oolina  penia^ona  ;  but 
as  no  septa  are  visible,  it  m^^  be  an  unknown  curved  spine.  It 
is  from  the  annulalua-hed^  at  Millington. 

[Section  with  ribbed  chambers*] 

Dentalina  rapa,  TyOrhipiy. 
PI.  XIX.,  fig.  3, 

*ADnal,  dee  Sc,  Nat/  p.  253. 

Farkar,  Jones^  imd  Brady.     *  Ann.  Nat,  Hifil*  4tli  aer.  vol.  TiiL  pL  ii. 

fig,  ]  1  (noD  <:^iqua). 

This  may  be  described  as  a  curved  form  of  Nodo$aria  raphanw 
(not  raphanisimm).  Its  chambers  are  exceptionally  narrow,  and 
little  marked,  looking  as  if  they  were  separated  by  being 
tied  up. 

The  name  obliqua  is  rejected,  because  (1)  there  is  a  confusion 
between  Nodosaria  and  Dentalina  of  that  name  ;  (2),  many  dif- 
ferent forms  have  received  this  name  from  "Williamson,  Parker, 
Jones,  and  Brady.  The  figure  of  D.  rapa,  referred  to  above, 
represents  a  curved  shell. 

Oeohgical  position. — Zones  of  A,  anguUUua,  Bedcar  (5  exs.)  ;  A, 
armalus,  Warter. 

Dentalina  obliquestriata,  Beuss, 

PI.  XIX.,  fig.  4. 

1851.     *  ZeitBch.  Deutsch.  Geol.  Ges/  vol.  iii.  pi.  iii.  figs.  11.  12. 
1866.     Parker,  Jones,  and  Brady.     '  Crag  Foram '  pi.  i.  fig.  19. 
Syn.     1858.     Matutinaf  primseva,  muliicosta.     Terquem,  loc.  cit.  pi.  i.  figs. 
11,  12;  pi.  xix.  fig.  32. 

A  fine- ribbed,  many-chambered  form,  with  the  ribs  running 
obliquely. 


FORAUINIFERA.  461 

Geological  position. — Zonea  of  A,  angulatus,  Redcar;  A.  Burk- 
laytdi,  Robin  Hood's  Bay. 

Dentalina  funiculosa,  Terquem. 
PL  XVIIL,  fig.  28. 
1866.    '  Foram.  Foss.  du  Lias,'  pi.  xix.  fig.  29. 

The  chief  character  of  thin  npecies,  as  pointed  out  by  Terquem, 
is  the  constant  bifurcation  of  the  ribs.  The  Yorkshire  forms  are 
more  pointed  at  the  apex,  and  smaller  in  the  middle.  They  are 
very  distinct  from  D,  ohliquestriata  or  D.  rapa, 

Qeological  position, — Zones  of  A,  oxynotus^  Market  Weighton, 
Warter ;  A,  capricomus^  Saltbnm.  This  beautiful  species  is  very 
abundant  at  the  firbt-named  locality. 

Dentalina  burgundiae,  Terquem. 

VI.  XVIIL,  fig.  29. 

1863.     '  Foram.  Foss.  du  Lias,'  pi.  ix.  fig.  3. 
Syn.     1866.     D.  qucuiricosta,  Marginulina  imvre$ta,  M.  nuiica  (pars).     Ter- 
quem, loc.  cit.  pi.  V.  fig.  16 ;  pi.  ix.  figs.  2,  5a. 

Small,  curvature  slight,  ribs  few,  mabking  the  division  into 
chambers—a  first  step  towards  Marginulina  raphanus. 

Qeological  position. — Zones  of  A.  angulatus,  Kedcur ;  A.  Buck- 
landiy  Redcar,  Robin  Hood's  Bay ;  A.  oocynotuSy  Warter  (4  exs.) ; 
A.  annulatus,  Millington. 

Dentalina  nummulina,  Oumbel    ■ 
PL  XVIII..  fig.  30. 

1868.     '  Foram.  Fauna  Nordalp.  Eocan.'  pL  i.  fig.  45. 

/\  small  pointed  shell,  with  fine  striae  running  parallel  to  its 
sid*;-*,  which  are  nearly  straight ;  chambers  obscuie. 

Tills  is  an  extremely  fine-ribbed  form  of  the  D.  obliqua  of 
Parker,  Jones,  and  Brady  (*  Crag  Foram.,'  pi.  I.,  fig.  9),  though 
differin;^  in  some  respects.    Giimbel's  figure  represents  it  exactfy. 

Geological  position. — Zones  of  A.  capricornHSy  8altbum  (.5  exs.) ; 
A.  anntUaUis,  Millington  (1  ex.). 

Marginulina  reversa,  Spec.  nov. 
PI.  XVIIL,  fig.  31. 

Very  inflated,  septa  only  indicated  within;  straight  or  often 
concave  on  the  side  of  the  aperture;  the  opposite  side  boldlj' 
c(jnvex  ;  first  chamber  often  swollen. 

This  species  is  remarkable  for  having  the  usual  curvature  of 
Manjinnlhia   rover.^ed.      Po.sNibly    Terquem's    M.    Deslongrhampfi 


AR2 


f^hMQmjmjmt. 


(be*  dL  pU  Tin.,  %*  8)  belongs  fae^« ;  bml  tlte  dniwittg  k 
sufficiently  ohar&cterietic 

Gedogiml  po^rh'em.— ZciEiedi  of  A,  BueHamdi,  BobiJi  HoodV  BajT ; 
A.  mpfimrnut,  S^Ubtim  ;  il.  awmhlMM^  I  job  Hill  (1  ejc.). 

Marginulina  raphaous,  Idnmmut. 
Pi.  XTX„  fig.  5, 

_  f.  *  A&K.  d«s  go.  Mat'  tdI.  viil.  f  1.  x.  fi^  7,  8. 

IBVL    JofH*.  PuTlti-r,  Knd  Brady.    'Ct»g.  Ftiram/  pt.  L  Jl^.  21* 
ISif.     OrtAofvriwt    imtlfi^iMtolii  f    Jfntr^iEfnfliwi  rfi^tivnf     Bom 

'  Luaf.  r.  Oadnisea/  pL  ilL  fk^  14^  36. 
1SS§*    jr.  Hndtr/aia^  A«^ni#M,  varJofaO^L  roduilQ,  I>,/airiAlo.    !r«n]iiaB. 

/£r.  1>^1  pi  m.  0]^^,  2.  3:  pK  ix.  figs.  €i,  10;  pi  xix.  fig.  £5 

Bliell  greatly  curv«i  with  acute,  oblique  ribs,  featoooed  by  Um 
ebsmbert.     Seetton  circular ;  fir«t  cbamber  often  globular. 

Bornemann's  forma  do  not  oocor  in  Yorksbire,  bat  they  ©eem 
Tepresentativfts  of  our  nbells. 

Geokffkai  p(mUo%.^Z(mm  of  A.  j^iifw»*M,  Hliil;  A,  Bm^Jdrntdi^ 
Bobin  Hood'n  Buy;  A,  mmMtm,  WAtttf, 

MarglnuUfia  picia,  T^njaem. 
PL  XIX.,  figB.  6,  <>a.  6A. 

1»^.     *  For  Fow.  du  Liaa,'  pL  irii.  %.  If, 
8yn.     ISeS     Qtiiv^nWiied.    Tepquenv  tor,  eH.  pi  nii.  %  It. 

Tbifi  differs  from  tbe  last  hx  being  flattened  in  section.  It  is 
a  most  variable  hhell,  and  the  three  figures  represent  very  dif- 
ferent appearances :  yet  the  change  is  uniform  and  in  some 
instances  seems  due  to  age,  so  that  the}'  must  be  all  named  as 
one.  The  shortest  differs  little  from  CristeUana  costata  of 
D'Orbignv. 

Geological  position. — Zones  of  A.  planorhis,  Cliff  (3  exs.) ;  A, 
angulatus  and  A.  Buclclondi,  Redcar;  A.  oxynottis.  Market  Weigbton 
and  Waiter. 


Svn. 


Marginulina  inaequistriata,  Terquem. 
PI.  XIX.,  fig.  7. 

•  For.  Foss.  du  LIhs,'  pi.  viii.  fig.  15. 

Cristellaria  artictdata.  C.  Eugenii,  C.  Pickettyi,  C  ligaia,    Ter- 

quem,  loc.  cit.  pi.  vi.  fig.  8;  pi.  ix.  fig.  16:  pi.  xxi.  fig.  31  : 

I>1.  XX ii.  fig.  ]. 
Planularia  Brcmni  Rora.).    Brady.    '  Mid.  and  Up.  Lias,'  pi.  li. 

fig.  30  (non  Roiuer  . 

This  differs  from  the  last  in  having  fine  striae,  instead  of  ribs ; 
they  cover  the  whole  side,  and  are  sometimes  straight  and  some- 


1^63. 
1862. 
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times  oblique  and  irregular.  The  shell  varies  in  breadth.  Ter- 
qiiem's  figures  best  represent  the  general  fomi,  which  is  not  tliat 
of  a  Planularia.     (See  romai  ks  on  that  genus.) 

Geological  position, — Zones  of  A,  angulcUtu  and  A,  Bucklandi, 
Redcar. 

Marginulina  ROmeri,  Beuss. 

PL  XIX.,  figs.  8,  8a. 

1845.     *  Bohm.  Kreidc.*  pi.  viiL  fig.  10. 
Syn.  ?  1863.     Simplex  i    Terquem.  toe.  cit.  pi.  viii.  fig.  1. 

Tills  might  equally  well  be  called  Vagimulina,  as  far  as  regards 
shape.  It  is  a  very  narrow  and  delicate  shell,  in  some  (fig.  Ba) 
produced  to  a  point,  and  the  sides  nearly  parallel.  The  chambers 
are  oblique,  narrow,  more  or  less  swollen. 

Oeologicnl  position. — Zone  of  A,  planorhifs^  Cliff. 

Marginulina  depressa.  Spec,  nov. 

ri.  XIX.,  fig.  9. 

A  near  ally  of  M.  lituus  of  D'Orbigny,  which  the  more  swollen 
and  produced  individuals  greatly  resemble.  The  type,  however, 
is  compressed,  triangular  in  shape,  very  short,  and  with  few 
oblique  narrow  chambers,  with  septa  parallel  to  the  base,  the 
first  chamber  being  very  small  and  recurved. 

Geological  position. — Zones  of  A,  planorhis,  Cliff,  and  A,  Buck- 
landi,  Redcar  (2  exs.). 

Marginulina  unicostata,  Terquem, 

PI.  XVII.,  fig.  21. 

1858.    *  For.  Foss.  du  Liaa,'  pi.  ii.  fig.  19. 

One  side  has  a  border  to  it.  The  chambers  are  moderately 
inflated  and  oblique. 

Geological  position. — Zone  of  A,  planorhis,  Cliff  (2  exs.). 

Marginulina?  Pauliniae,  Terquem, 

PI.  XVIL,  fig.  22. 
1866.    *  For.  Fobs,  du  Libb,'  pi.  xvii.  fig.  5. 

Elongated,  fusiform,  circular  in  section ;  first  chamber  pointed, 
the  remainder  oblique,  becoming  shorter  and  as  it  were  twisted 
on  the  axis.  A  very  peculiar  form,  rather  like  a  Bigenerina,  A 
similar  specimen  is  figured  by  Terquem,  as  above. 

Geological  position, — Zone  of  A.  annulatus.  Hob  Hill  (1  ex.). 
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GkNQS    PLAJJULAItrA. 

This  genus  was  eatabltabod  by  Defiance  for  a   »trFil)^lif-*iiltd 
hLell  (P.  aurif\  and  hm  inch    waw  oiiginally  accept t?cl    br  D'Dr* 
bigDy,     HiN  Hnbsequetit   nni*m  of  it.  with  Crhtellaria,   und   ik^ 
coBFeqiient  langing  of  isome  Crietelliirianfi  imdcr  thi«i  name,  luu 
oiettto<l  coiifneion*    (See  the  ^emark^;  of  Terqnem  in  his  *  Tji^emit^r 
M^ni.  fcur  lea  Foram.  du  Sjsiemo  oolithjqne;  1667,  p.  4B*  Ac)    He 
unites  them  to  Margiimlina  as  a  particular  Miction,  ^^hile  Jones 
and  Faiker  (*  Quart,  Jonm.  GeoK  Sue/  vol.  xvi.  pL  XX.  figs-  30^6) 
place  thom  with  VuginuUna  ;  hut  the  characters  of  the  genuis  aJTS 
well  marked.     Its  sides  are  flat  or  concave,  itB  ntraight  back  it 
often  Vjixlered  by  ridge?^,  it  huM  a  triangnlar  shape  and  nearly 
Thomhoid  chambers,  with  a  tendency  to  l:ie<!4>me  spiinl  and  ta 
have  lis  aperture  on  a  produced  neck. 


i 


Planularia  argula,  Mmu, 

VI  XIX.,  fig.  10, 

1B60.     ■  Bite.  Ak.  Wits,  Wien/  vol  iL  M.  8,  pL  viii,  fly.  4, 

]k»rdera  elevated,  septa  parallel  at  first,  afterwards  convergiDg , 
no  ornaments. 

Qeohgical po8%tion.^Zon%  of  A.  BueklatuUf  Eedoar  (1  ©x,). 

Vdgmultna  legumen,  Unntf-un. 
n  XIX,,  fig,  IL 


Syn. 


1758.    *  Systema  Naturae,*  ed.  10. 

1865.     Brady,  loc.  cit.  pi.  i.  fig.  18. 

1860?   Jones  and  Porker,  «oc.  cit.  pi.  xix.  figs.  27,  28. 

1845.     N.  Hausmajmi.     Bomemann,  loc,  cit.  fig.  25. 


Shell  moderately  broad,  with  oblique  chambers,  rather  com- 
pressed. 

Geological  position. — Zone  of  A.  cairicormis,  Saltbiirn  (4  exs.). 


Vaginulina  anomala,  Spec,  nor. 
PI.  XVIL,  figs.  23,  23a. 

Veiy  fihort,  pyiumidal ;  tjausverse  section  roundly  triangular. 
Hides  nearly  straight,  last  chamber  large ;  septa  obscure,  oblique. 

This  resembles  Marg.  depressa  in  the  airangement  of  its  chaui- 
bei-s,  but  is  triangnlar  in  section  instead  of  compressed,  and  the 
rst  chamber  is  not  curved. 

Geological  poR^iti on. — Zone  of  A.  eapricornm,  Salibnin  (5  exs.). 


FOIUMIIIIFKRA.  465 

Cristellaria  pauperata,  J&ne*  and  Parker, 
PI.  XIX,.  fig.  12. 

I860.    iPlatudaria.)  '  Qaart  Joarii.  Oeol.  8oc.'  vol.  xyi.  pi.  xx.  fig.  89. 

1865.  Brady,  {oe.  <^.  pi.  ii.  figs.  24,  25. 

Syn.    1862.    Irregidaris,  nmplex,     Teiqaem,  loe.  eit  pi.  ▼!.  fig.  2;  pi.  ix. 
fig.  15. 
1854.     Variana  (pars).    Bomemann,  loc,  cit.  fig.  34,  only. 

The  whole  shell  forms  an  irregular  oval,  with  the  septa  marked 
as  ourved  lines,  becoming  less  curved  and  more  oblique,  but  not 
fonning  a  spiral. 

Oeohgical  position, — Zones  of  A,  plaiun-hiSj  Cliff  (3  exs.) ;  A. 
angulahu,  Bedoar  (2  exs.). 

Cristellaria  recta,  I/Orhigny. 

PI.  XIX.,  figs.  13,  13o;  pi.  XVII.,  fig.  24. 

1839.    '  Mem.  8oc.  G^l.  France,*  vol.  iv.  pi.  i.  fige.  8,  9. 
Syn.     1865.     Marginvla  enaii  and  C.  rhomboidea.     Brady,  loc.  eit.  pi.   ii. 
fig.  23;  pi.  iii.  fig.  40. 
1845.    C.  protracta.    Bomemann,  loe.  eit.  fig.  27. 
1862,    C   Terquemi,  obscuraj   nudecUa,  normanisBf  omasna,   vieinaliif 

1866.  ventricosa.    Teiqnem,  loe.  eit  pi.  iii.  fig.  18;  pi.  vi.  fig.  4; 
pi.  ix.  figs.  19,  21 ;  pi.  xviii  figs.  7,  8 ;  pi.  xxii.  fig.  4. 

Spiral  portion  small.  The  rest  of  the  chambers  in  a  linear 
series,  much  larger  than  the  spiral  portion,  and  comparatively 
narrow  chambers,  increasing  or  decreasing  in  size.  Inner  side 
either  round  or  showing  a  somewhat  flat  area. 

The  relationship  of  this  species  is  plainly  vnth  OristeUaricB, 
rather  than  with  MarginuliwB,  The  Saltbum  specimens  (fig.  24) 
are  covered  vnth  a  shelly  deposit,  which  completely  masks  the 
spiral  portion,  and  gives  the  appearance  of  Vagintdina  legummi,' 

Geological  position, — Zones  of  A.  planorhis^  Cliff;  A,  angulatua, 
Millington  ;  A,  Bucklandi,  Bedoar  (2  exs.) ;  A.  ooBynotus^  Market 
Weighton ;  A,  capricomus^  Saltbum. 

Cristellaria  m^Jor,  Bomemann. 

PI.  XrX.,  fig.  16. 

1854.    '  Liasf.  v.  Gottingen,'  pL  iv.  fig.  31. 
8yn.    1865.    Longa  f    Brady,  loe,  eiL  pi.  IL  fig.  27  (non  Gomuel). 
186-.    Ligaia.    Terqnem,  2oe.  cif.  pi.  xxii.  fig.  1. 

Spiral  portion  small ;  rectilinear  broad ;  chambers  numerous ; 
septa  not  converging  towards  the  spiral ;  shell  compressed. 

Geological  position. — Zones  of  A.  phmofbiSy  Cliff;  A,  angulotus^ 
Redcar  (3  exs.);  A.  BtuMandi,  Bedoar  (4  exs.);  A,  oxynotus. 
Market  Weighton  (2  exs.)  ;  A.  armains,  Warter. 

Q 
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CHstellarla  crepLdula,  Fithid  attd  Mo&. 
PI  XIX.,  fig.  14  ;  pL  XVI L,  %,  25, 

1S03.     '  Tettcoeft  Miero&oopica,'  pi.  xix.  dga.  g,  i,  C 
ISea.    Bndr*  2be.  d^  pL  iii.  fi^.  39. 
Sj&p    1863.    CSofd^^amfi^a^rKifiafa.    Terqaem,  Ue^  ^i:.  p],  ix.  0g. 

TJa^er  til  is  tifttue  moM/t  be  rstiged  a  considerable  variety  of 
forms  which  paii  into  oaoh  other,  but  all  have  tba  later  chamW^ 
converging  more  or  less  to  ward  a  the  ^^piral  part,  both  ^idm  of 
tho  KheU  being  unifttrmly  convex.  Their  length  varies,  tiie 
shorter  ones  (fig,  14)  being  exaotlj  represented  by  O,  iruncaiA 
of  Keufifi  (Kreide  Lemberg,  pi.  llLjfigs.  S,  ^). 

Gti^^icoJ  p<>«t£i<»i.^Zones  of  A.p&norhi^y  Cliff";  A,  an^Iotei 
(2  exs.),  and  j1,  ^iicJc£aiWi.  Eedcar ;  A,  captic^imu*,  S^tbmnij 
4.  awnuifliu*,  Millington  (S  exe,)  and  Hob  Hill  (1  ex,).  ' 

Cristellaria  Bronnll,  Bomer. 
Fl.  XVa,  %  20. 

leiL    ^Pk»darwi*}     '  Norddeiitach,  Ereide/  tab.  xt,  fli.  H. 

leeO.    Jooet  and  Parker,  iou.  c*;.  pi.  ix,  fig,  40  (qoe  Br^y,  he.  cit  %.  l 

This  is  the  central  form,  from  which  all  the  others  diverge  I 
one  direction  or  the  other.     Ita  t^piml  portion  in  tolerably  larg 
the  straight  part  moderately  long  and  broad,  and    the    sap^ 
incline  partially  to  the  epixal  part.     It  is  moderately  inflated 
in  section,  but  not  ho  £at  ajs  0.  major. 

G&bhgical  pfmtion, — Zones  of  A.  ptanorbu^  CliQT;  A.  angulaiuM^ 
Red  car,  Millingt^m  ;  A^  BticJilandi^  Hedcar,  Robin  Hood's  Bay; 
A.oxifnoiii^,  Market  Weigh  ton,  Warter  ;  A.  capricomtts^  Saltbum; 
A,  annulatus^  Millington. 

Cristellaria  varians,  Bomemann. 

PI.  XVIL,  fig.  27 ;  pi.  XIX.,  fig.  16. 

1854.     *  Lias.  v.  Gottingen.'  pi.  iv.  flsjs.  32,  83. 
Syn.     1854.     Minutay  contxtluta.    Bomemann,  loc.  eit.  figs.  37,  38. 
1865.  ?  C.  acutaurieularu.    Brady,  loc.  cit.  pi.  iii.  fig.  38. 

The  later  chambers  all  abut  upon  the  spiral  portion,  and 
become  nearly  vertical,  so  tJiat  the  whole  shell  has  a  semicircular 
outline.  When  the  chambers  are  swollen,  it  approaches  the 
C  acutauricularis  of  Fichtel  and  Moll,  but  is  never  so  inflated. 
This  is  the  meet  compact  of  the  series. 

Geological  position, — Zones  of  A.  planorhis,  Cliff;  A,  an^laius 
(2  exs.),  and  A.  Bucklandi,  Redcar ;  A.  oxynottis,  Market  Weigh- 
ton,  NN'arter ;  A.  capricomus,  Saltbum  ;  A.  annulcUus,  Millington, 
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Gristellaria  globifera,  8pee.  nop. 
PL  XIX.,  fig.  17. 

The  first  chamber  is  a  conspicaons  sphere,  Btandiog  out  on 
one  side  almost  separate  from  the  rest.  The  other  chambers 
are  feebly  marked.  The  outside  is  very  convex ;  the  inside  very 
swollen  in  outline,  and  also  transversely,  as  in  C.  acuiauri- 
cularis. 

Oeologieal  poniion. — Zones  of  A.  planorbii,  Glifif ;  A.  Bueldandi^ 
Bobin  Hood's  Bay  (1  ex.);  A.  annuUUuM,  Millington  (1  ex.). 

Cristellaria  rotulata,  Lainarek. 

PI.  xrx.,  fig.  18. 

1801.    '  Anim.  saDs  Yert^brefl.' 
1858.    Parker  and  Jones,  loe.  cit.  pi.  xx.  figs.  42,  48. 
1865.    Brady,  loe.  ott.  fig.  36. 
6yn.    1854.  Rcbulina    Oottingentii,  R,  nauHloides.      Botnemann,    loe.    eii. 

figs.  40,  42. 
1862.     Or.  rwtiisa,  Cr.  liatinoj  Bobulina  Uatima.    Terqnem,  loe,  eit, 

pi.  iii.  fig.  19 ;  pi.  Yi.  figs.  6,  9. 

This  is  the  type  of  an  entirely  distinct  section  of  Gristellaria, 
which  might  well  demand  a  distinct  generic  name.  Its  growth 
is  entirely  spiral,  round  a  central  sphere ;  the  septa  are  only 
marked  within ;  the  aperture  is  on  a  prominence,  situated  not 
quite  on  the  outside  of  the  chamber.  The  margin  is  angular,  or 
nearly  keeled. 

Geological  poniion. — Zones  of  A,  planorbis^  Cliff;  A,  anguk^hUy 
Bedcar  (3  exs.)  ;  A.  Bucldandi,  Hobin  Hood's  Bay  (1  ex.) ; 
A,  oxffnotus.  Market  Weighton  (2  exs.) ;  A.  capricamug^  Saltbum. 


Flabellina  rugosa,  D'Orbignif. 

PL  XLX.,  fig.  19. 

1889.    *  M^ra,  Soc.  0461,  France,'  vol.  iv.  pL  il.  figs.  4-7. 
1865.    Brady,  loe.  eit  pi.  iii.  figs.  44-4a 
Byn.    1863.    ItupquUaterdlU.    Terqnem,  loe.  eit  pi.  x  fig.  16. 

This  differs  only  from  Cristellaria  Bronnii  by  having  its  last 
chamber  A-shaped.  Had  not  the  species  been  recorded  else- 
where, the  Yorkshire  specimens  would  not  have  been  sufficiently 
numerous  to  prove  them  to  be  any  more  than  abnormal  growths 
of  the  Cristellarian  named. 

Oeologieal  position, — Zones  of  A.  planorbis,  Cliff  (2  exs.) ;  A, 
Bucklandiy  Robin  Hood's  Bay  (1  ex.). 


Frondlcularia  complanata,  .Dt^r^^f, 

tm^.    '  Dwi.  dim  Sc.  NbA/  fol.  a5. 
ISe^p     Bmdy,  ItMS.  eit.  ^h  Hi  ig.  47. 

O^  ft  f«w  tmiBli  examples  occur  ;  bat  ih^y  ejciMStlj  resemble 
tlia  mt  few  cbamlDers  of  the  larger  sheila  figtir^d  hy  Bmdj  u 
above,  it  ijs  very  probable  tbat  they  are  stini^  fonus, 

Thej  coneriat  of  a  oentTal  flpherioal  c^r  eJHpsoidal  cbamber  and 
two  or  three  A-abaped  one*  with  the  lower  partiotis  turned  iu, 
HO  HR  to  partiftlly  embrace  the  first* 

QeohnjicfU  pontion, — Zones  of  A~  pliinorbiB,  Oliif  (3  ex&) ;  i. 
<iTt0Uaitit(,  liedcar  (1  ex.). 

Frondlcularia  lignaria  ?  Terfmm, 

IS6G.    *  M^.  iur  Foz.  dii  Um,'  {4.  iti.  %.  14. 

BhoU  compm^aed^  rhomboiiial,  more  thmn  hstii  ae  bn^cMi _, 

with  chambers  having  acute  angles,   the  sur&oe  tx>vered  wTS 
fine^  long]  tudi  naif  diecontinuou^  stiiaa. 

Terquem  ddscnbes  his  Hholl  as  smooth,  but  it  agrees  so  well 
with  this  in  other  respects,  that  the  dlfiereaee  may  be  due  H 
preservatioiL       ^  ■ 

Geological pomtton, — Zone  of  A,  rajmmmu«,  Saltbum  {4  exs,), 

Frondlcularia  inmmescens,  Bometnaim, 

PL  XIX.,  fig.  21. 

1854.     ♦  Liasf.  v.  Gottingen/  pi.  iii.  fig.  19. 
Byn.     1854.    Major.    Bornemann,  loc.  cit.  fig.  20. 

1858,  66.     Niiidaf  sacculus.     Terquem,  loc.  cU,  pL  i.  flg.  9;    pL  xix 
fig.  20. 

Shell  spatulate ;  first  chamber  inflated,  curves  on  both  sides, 
gently  convex  ;  swollen  along  the  median  line  ;  apertnral  mar- 
gin obtuse ;  no  ornaments. 

Oeological  j^o^t /ion. —Zones  of  A.  migulatua  and  Bucklandi^ 
Kedcar. 

Frondlcularia  Terquemi,  D'Orbigny. 

PL  XIX.,  fig.  22. 

1858.     Ill  Terquem,  loc.  cit.  pi.  i.  fig.  12. 
Syn.    1858.    Bicottaia.    D'Orbigny  in  Terquem,  loc.  cU,  pi.  i.  fig.  11. 

This  differs  from  the  last  in  having  straighter  sides,  sharper 
apex,  and  its  aperture  on  a  produced  neck,  and  a  depression 
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.down  the  central  line  instead  of  a  thickeninff*  It  is  also  often, 
but  not  always,  provided  with  ribe  more  or  lees  prominent  and 
scattered. 

This  form  leads  us  on  to  the  cretaceous  F,  iriiulea  of  Reuss, 
which  the  more  delicate  forms  much  resemble.  It  is  interme- 
diate between  the  last  and  next. 

Geological  position. — ^Zones  of  A.  Buckla»diy  Bobin  Hood*s  Bay 
(1  ex.). ;  A.  capricomua,  Saltburu. 

Frondicularia  sulcata,  Bomemcmn, 

PI.  XIX.,  fig.  23. 

1854.    *  Liagfonn.  ▼.  Gottingen/  pi.  ii!.  fig.  22. 
Syn.     1854.    Dubia,    Bomemann,  loc.  cit.  fig.  23. 

1866.    SMatvla  (Reuss).    Bxady,  loe.  eit.  pi.  iii.  %.  46. 
1858,  62.    Pidchra,  muiticostata.    Terquem,  loe.  cit.  pi.  i.  fig.  10 ;  pi.  t. 
fig.  14. 

Shape  an  elongated  triangle,  like  the  last,  surmounted  with 
another  more  obtuse  triangle.  (Covered  with  fine  longitudinal 
ribs. 

The  cretaceous  Fr.  stricUula  of  Beuss,  under  which  Brady 
cites  this  species,  is  less  acute,  and  the  ribs  are  not  so  strong — 
distinctions  which,  to  my  mind,  render  the  Liassic  form  worthy 
of  a  separate  name. 

Geological  position. — Zones  of  A.  planorUs^  Clifif ;  A.  angul<Utti 
and  A,  Buddandij  Bedcar. 

Frondicularia  nodosaria,  Terquem. 

PI.  XIX.,  fig.  24  ;  pi.  XVII.,  fig.  44. 

1866.    '  M^m.  8ur  Foram.  du  Lias,'  pi.  xxii.  figs.  25-30. 
Syn.    1860.    StriaUOa.    Jones  and  Parker,  loe.  eit.  pi.  zix.  fig.  17. 

Chambers  separate,  of  rounded  outline,  with  longitudinal 
striee ;  the  whole  long  and  narrow.  The  stria  are  not  properly 
shown  in  pi.  XIX.,  fig.  24,  and  the  other  figure  is  an  extreme  form 
possibly  belonging  to  the  same,  which  has  much  the  appearanoe 
of  a  Textvdaria  from  a  depresaion  do¥m  the  centre. 

Geological  posiiion. — Zones  of  A.  pianorbis  (2  ezs.) ;  A.  angu- 
latua,  Redcar  (3  exs.). 

Othocerina  haeringense,  Gumbel. 

PI.  XVII.  figs.  29,  29a. 

1868.    '  Foram.  Eocan.'  pL  i.  fig.  55. 

Shell  an  equilateral  3-6ided  pyramid,  with  curving  edges; 
base  inflated,  aperture  on  a  neck  in  the  centre;  septa  curved 
with  the  base ;  marked  by  circular  arcs  on  the  sides ;  edges  ele- 
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Polymorphina  nodosaria,  Beuu. 
PL  XVII..  fig.  34. 

1863.    *  Sitz.  Akad.  Wissen/  yoL  zlyiiL  pL  vii.  fig.  85. 
1870.    Brady,  Parker,  and  Jones,  loe.  cU,  pi.  xL  fig.  18. 
1867.    Jones,  Parker,  and  Brady.    '  Orag  Foram.'  pL  i.  figs.  55-58. 
Syn.    1868.    Quadrata,  puptformis  (pars).    Terqaem,  loe,  cit.  pi.  xii.  figs. 
25-32;  pi.  3uii.  figs.  27-30. 

Chambers  nearly  in  a  linear  series,  except  the  first  two ;  each 
reaches  across  the  shell,  but  is  much  narrower  on  one  side  than 
on  the  other. 

Oeohgical  position. — Zone  of  A,  Bucklandi,  Redcar  (2  exs.). 

Polymorphina  simplex,  Terquem. 

1863.     Loe.  eit.  pi.  11.  figs.  1-4. 
Syn.     1863.    Agglutinans.    Terqnom,  loe.eit^l,xL  figs.  5,  8. 

These  are  rough  and  arenaceous-looking,  and  narrower  than 
most  of  the  P.  funformes,  [The  figure  has  been  accidentally 
omitted.] 

Geological  position, — Zone  of  A,  planorhiSj  Cliflf. 

Polymorphina  distincta,  Terquem. 

PL  XVIL,  fig.  36. 

1866.    *  M4m.  snr  Foram.  da  Lias,'  pL  xxii.  fig.  32. 

This  is  elongated,  with  many  chambers,  like  P.  compressa  ;  but 
the  last  are  much  larger  than  the  earlier  ones,  occupying  the 
whole  breadth,  and  overhanging  the  others.  It  is  sharply 
pointed. 

Terquem's  figure  represents  an  extreme  variety.  The  species 
seems  quite  a  distinct  one. 

Geological  position. — Zone  of  A,  pianorbis.  Cliff". 

Polymorphina  burdigalensis,  D*Orbigny. 
PI.  XVn.,  fig.  36. 


*  Ann.  8c.  Nat.'  vol.  vii.  p.  265. 
1870.    Brady,  Parker,  and  Jones,  loe.  eit.  pL  zzxix.  fig.  9. 

Shell  compressed,  last  two  chambers  overlapping  the  greater 
part  of  the  earlier  ones,  separating  in  a  median  line. 
Geological  position, — Zone  of  A,  anntUatuSy  Hob  Hill. 
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Bjn. 


1070. 

1846. 
1866. 
IBtiS. 


v&ted  witb  loQgitudioai  cufctn.     Height  leie  thou    3  ttmea 
breadth  of  one  tide, 

TbiK  very  distinct  form  is  not  Fei^fiu^fia  tricarinaia,  as  it  Kaa 
a  oentml  aperture.     Tho  only  figtire  I  oaa  find  is  that  quoted. 

Gt<^logi<al  poitition. — Zone  of  j1.  i^prtcornwi^  Stdtbiim. 

Othocerina  rhomboidalis,  %«c.  ii£w, 
PL  XVIL,  figB.  30.  aOffl. 

Similar  to  the  last,  but  four-sidod,  and  the  sided  not  inflated; 
6dget  elevated.  Of  the  four  examples  known,  two  are  square 
and  shorter,  the  other  two  rhomboidal,  and  of  greater  length* 

Oe^ogiad  position. — Zone  of  A,  capticorntigj  Saltbum  (4  exs.). 

Polymorph  ina  fusiforrais,  B&mer, 
PL  XVIL,  fig.  31. 

•  Nout'fl  JiLUrb.  fUt  Mto/  pi.  ill.  fif .  37> 

BrodjTi  PAfker^  and  Jonea.    "■  Mon.  of  Polyiaorphrtja.   Ti»m. 

Linnc^ftii  8oe/  tuI.  iXTii.  pi.  ixrii*  ^^.  5. 
Lio«»tfofit.    Stricklftii<l.     *  Qixftji.  Jour.  GeoL  Soc*  tgl,  it  p.  80* 
Xofiiea.     Brady,  loe.  eit  pL  lii.  flg,  49, 
^f£erek£ar£fl  (pftfs),  (jrw/a,  Brmni,  cnu?iaUt  (pare),    Tefquejn.  fo«. 

dt  pi  xi.  figa.  U,  12;  flgn.  S3-44;  figft/i-6 ;  fig*.  U«. 

Chambers  fe'w ;  shell  uniformly  convejc  on  both  iidea,  or  neiu-Iy 
so,  pointed  at  both  ends. 

Gtohtfical  pomtion. — Zones  of  A.  plavtorhU^  Cliff;  A.  af^ul^Uui^ 
Bedoar ;  A.  capricomus^  Baltbum ;  A.  annulaiu»^  Hob  Hill* 

Polymorphina  compressa,  D'Orhigny. 

PL  XVII.,  fig.  32. 

1846.     *  For.  Foss.  de  Vienne/  pi.  xii.  figs.  32-34. 
1870.    Brady,  Parker,  and  Jones.    *  Men.  Polymorphina,'  pi.  xl.  fig.  12. 
1866.     Brudy,  loc.  cU.  pi.  iii.  fig.  50. 
Syn.     1863.     Angustatat  pyriformisy   sinuata.      Terquem,    loc.  cii.   pi.   ziL 
figs.  33-35  ;  figs.  41-43 ;  fig.  48. 

Chambers  more  numerous,  arranged  as  it  were  in  two  linear 
series,  none  reaching  across  the  shell ;  pointed  at  both  ends. 
Geological  position. — Zone  of  ^.  planorhisy  Cliff. 

Polymorphina  problema,  D'Orhigny, 

PL  XVII.,  fig.  33. 

1826.     •  Ann.  Sc.  Nat.'  vol.  vii.  p.  266. 

1870.    Brady,  Parker,  and  Jones,  loc.  cii.  pi.  xxxix.  fig.  11. 

1866.    Parker,  Jones,  and  Brady.     *  Crag  Foram.*  pi.  i.  fig.  64. 

Chambers    pretty   numerous,   earlier   ones    smaller,    but    all 
hanging  as  it  were  in  a  cluster,  and  all  distinct. 
Geological  position, — Zone  of  A,  planorhis,  Clifl*. 
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Polymorphina  nodosaria,  Beuu. 
PI.  XVII.,  fig.  34. 

1863.    *  Sitz.  Akad.  Wissen/  yoL  xlyilL  pL  vii.  fig.  85. 
1870.    Brady,  Parker,  and  Jones,  loe,  eit  pL  xL  fig.  18. 
1867.    Jones,  Parker,  and  Brady.    '  Orag  Foram.'  pL  i.  figs.  55-58. 
Syn.    1868.    Quadrata,  pupiformit  (pars).    Terqnem,  loe.  ciL  pL  xli.  figs. 
25-32;  pi.  xiii.  figs.  27-30. 

Chambers  nearly  in  a  linear  series,  except  the  first  two ;  each 
reaches  across  the  shell,  bnt  is  much  narrower  on  one  side  than 
on  the  other. 

Oeclogical  posUion. — Zone  of  ii.  Bticldandi,  Redcar  (2  exs.). 

Polymorphina  simplex,  Terquem. 

1863.    Loe,  eU.  pi.  11.  figs.  1-4. 
Syn.    1863.    Agglutinana.    Terqncm,  loe,  eit  pi.  xi  figs.  5,  8. 

These  are  rough  and  arenaceous-looking,  and  narrower  than 
most  of  the  P.  funformes.  [The  figure  has  been  accidentally 
omitted.] 

Oeological  pontion, — Zone  of  A.  planarbia.  Cliff. 

Polymorphina  dlstincta,  Terguem. 

PL  XVIL,  fig.  36. 

1866.    '  M4m.  snr  Foram.  da  Lias,'  pL  xxii.  fig.  32. 

This  is  elongated,  with  many  chambers,  like  P.  eompresBa  ;  but 
the  last  are  much  larger  than  the  earlier  ones,  occupying  the 
whole  breadth,  and  overhanging  the  others.  It  is  sharply 
pointed. 

Terquem*8  figure  represents  an  extreme  variety.  The  species 
seems  quite  a  distinct  one. 

Oeological  position. — Zone  of  A.  pHanorbU,  Cliff. 

Polymorphina  burdigalensis,  lyOrhigny. 

PI.  XVn.,  fig.  36. 

1826.    *  Ann.  8c.  Nat.*  vol.  vii.  p.  265. 

1870.    Brady,  Parker,  and  Jones,  loe,  eU.  pL  xxxix.  fig.  9. 

Shell  compressed,  last  two  chambers  overlapping  the  greater 
part  of  the  earlier  ones,  separating  in  a  median  line. 
Geologiccd  position, — Zone  of  A.  anntUaius^  Hob  Hill. 


OrboUfia  unlvefB%  D^OMgrnf. 

PI  xnu^  %  m. 

Hfn^    tM!l     riMHbJrtp    Tiii|wiiiL  luf .  dtL  pi  t.  %,  S. 

A  stiBplje^  minute,  fotmnmulimiva  ^hert;  widi  »  miniite  aper- 
tax9  on  oi»  aii6* 

ll  msj  be  dcmbtad  if  %imm  an  qoC  tlie  fint  chamboxs  of  other 
^rms.  Their  miumdiiefia  hs^  iDOSttj  caused  thetn  Id  ^^M»pe 
ftttoftitiosi  40  foMlau 

Textolarta  aggluUnans,  IFOfhiymg^ 
PL  XVI  I,  fig.  37, 

M.    'fMiB.  lU  Ctittt,'  pL  t  ip.  IT,  ID. 
fig*.  1^:!,  1B3. 

Shell  elongate,  triangular ;  i^^ction  nearLj  reetangular ;  ekuiu- 
bers  aa  broad  &a  h^gh,  reaching  aboot  half- way  aciow. 

I  can  »&t  nothing  to  durtingitiBh  ibis  from  D'Orb^y'^  qpeoie&i 
wliich  k  ftUo  oblong  in  section. 

Geological  position.— Zonsi^  of  A.  BmcMandi^  Bedcar  {1  eXp); 
A.  annulaiug,  Millington^  Hob  Bill  (2  exa*)* 


Pulvinulina  elegans,  jyOrhigny. 
PI.  XVII.,  figs.  38,  38a. 

1826.    (Rosalia,,     '  Ann.  Sc.  Nat.'  vol.  WL  p.  276. 
1871.     Parker,  Jones,  and  Brady.     •  Ann.  Nat.  Hist'  pi.  xii.  fig.  142. 
1860.     Jones  and  Parker.     •Quart.  Jonr.   Geol.  Soc.*  vol.  rvi.  pi.  xx. 
fig.  46. 

Shell  trochoid,  with  slanting  septa  on  the  upper  surface,  which 
is  only  moderately  elevated.  In  the  cast  the  earlier  chambers 
are  more  separate  than  the  later,  appearing  on  both  sides  like  little 
knobs ;  umbilicus  filled  up.  The  casts  from  Hob  Hill  (fig.  38a) 
show  the  chambers  best ;  those  from  Red  car  (fig.  38),  the  ex- 
terior. 

Geological  position. — Zones  of  A.  j)ZanorW«,  Cliflf ;  A,  cmgukUus  and 
A.  BuMandi^  Redcar ;  A.  annulatus.  Hob  Hill  and  Millington. 

Two  specimens,  one  of  which  is  figured  in  pi.  XVII.,  fig.  39, 
which  occurred  in  the  washed-down  shale  from  Redcar,  might 
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be  added  to  this  list,  but  for  a  doubt  as  to  their  origiu.  They 
are  Nonionina  cf.  elegans  (Williamson),  and  Polyatomella  striato- 
puiwtata,  two  very  well-known  recent  British  forms.  Every 
care  was  taken  to  obtain  portions  of  the  scars  to  which  the  sea 
had  no  access,  and  to  be  sure  that  there  was  no  extraneous 
matter.  Still  the  bare  possibilitj'  of  their  having  been  forced 
into  some  unseen  cranny,  prevents  me  from  recording  what 
would  bo  remarkable  additions  to  the  Liaseic  Microzoa.  Never- 
theless I'erquem  has  found  a  Liassio  Polystomella  inland. 


(     474     ) 


PLANTS. 

Bt  BALPH  TATa 


CLASS  CRTPTOGAMTA, 

Two  eaats  of  alga*  are  very  common  in  the  ironstotie*beda  on 
the  coast,  and  eoaia  to  offer  cb^racti^rs  BTifficiently  diatiBct  to 
justify  the  impottitioii  of  specific  iiamee. 

NuUiporites  furcillatus.  Spec,  iww?, 
PL  XIV.,  fig.  7. 

Frond  cylindrical,  eleuder,  forking  at  regular  diatanoes. 
Ot^io^ical  position,^  Zone  of  A.  spumius,  Btalthes,  Kettleneai. 

Chordophyllitas  cicatricosus,  Spet;,  «cn?. 
PL  XIV.,  %.  9, 

Frond  cylindrical,  stout,  simple,  and  of  great  length,  and 
marked  by  rhomboidal  depressions. 

Length  unknown,  but  exceeding  4  feet,  thickness  half  an  inch. 
This  petrification  is  alluded  to  by  Young  and  Bird  as  *  bearing 
a  striking  resemblance  to  the  stalks  of  the  common  tangle,'  &c. 

Geological  position. — The  upper  surface  of  the  top  block  of  iron- 
stone at  Old  Nab,  Staithes,  is  densely  crowded  with  casts  of  this 
fucoid,  overlapping  and  intertwining  one  among  the  other ;  it 
occurs  also  in  the  same  bed  at  Kettleness. 

Equisetites,  Sp.  (  f  Uassicus,  Heer). 
A  much  worn  internode  from  the  Bucklandi-hedi^  at  Marske. 

Alethopteris,  Sp, 

A  fragment  of  a  pinnule  with  sori,  from  the  angulodM-h^da  at 
Givendale. 
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CLASS  PHANEROGAMIA— ORDER  CONIFERiE. 

Fossil  wood  is  found  in  abundance  in  most  of  the  Liassic 
strata  on  the  coast,  and  in  a  variety  of  forms.  We  do  not  often 
meet  with  trunks  of  large  size,  most  of  the  wood  being  found  in 
fragments.  Young  and  Bird  state  that  round  trunks  of  trees, 
12  feet  long  and  upwards,  and  a  foot  or  more  in  diameter,  have 
occasionally  been  discovered  at  Whitby,  at  Sandsend,  Rockcliff, 
and  other  places.  We  have  already  recorded  the  occurrence  of 
larger  stems  in  the  ironstone  at  Staithes  and  Eston.  Oenerally 
the  wood  is  compressed,  and  more  or  less  like  jet ;  but  in  the 
eapricomus  and  spinatiM  beds  cylindrical  pieces  of  brown  colour 
displaying  concentric  zones,  visible  to  the  unaided  eye,  are  not 
at  all  rare.  The  exogenous  structure  is  obvious.  Phillips  seems 
to  have  considered  it  to  be  coniferous.  However,  the  publi- 
cation of  the  evidence  was  left  to  Witham,  who  represented 
portions  of  thin  slices  of  Liassic  wood,  from  the  neighbourhood  of 
Whitby,  as  viewed  by  transmitted  light,  and  referred  the  several 
specimens  to  the  ConifersB,  distinguishing  two  separate  arrange- 
ments of  vessels  on  which  were  founded  the  species. 

Peuce  Huttoniana,  Witham. 
1831.    '  Fobs.  Veg.'  t.  xiy.  fig.  9 ;  t.  zv.  figs.  4,  5. 
Oeologicai  position, — Upper  Lias,  Whitby. 

Peuce  Lindleyana,  Witham, 

1831.    •  Foes.  Veg.'  t  ix.  figs.  1-5;  t.  xv.  figs.  1-8. 
Oeologicai  position. — Upper  Lias,  Whitby. 

Another  conifer,  belonging  to  the  Family  Abietinee,  is  known 
in  the  Yorkshire  Lias,  by  its  foliage,  it  is — 

Pachyphyllum  peregrinum,  Sternberg  {Araucarites). 

See  Lindley  and  Hutton,  '  Foes.  Flora.'  t  Izxxviii. 

Oeologicai  position. — Zone  of  A.  serpentinus,  Saltwick  (Whitby 
Mus.). 
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INDEX  OF  SYNONYMS. 


In  this  list  we  give  those  names  that  have  been  applied  by  pre- 
vious authors  to  Fossils  from  the  Yorkshire  Lias  which  we  have 
not  adopted. 


Stnontms. 


VSBTSBBATA. 


Adoftkd  Names. 


Ichthyosaurus  platjodon  (^PhiUips},* 
Plesiosaurus  maorocephalus  {BaUeyand 
CarU), 


I.  crassunanus,  Blake, 
P.  Simpsoni,  Blake, 


OEPHAIiOFODA. 


Ammonites  acutioarinatus,  Simpson, 

lequalis,  Simptan. 

alternatus,  Simpson, 

ambiguus,  Simpwn. 

Anderson^  Simpson. 

Andrese,  Simpson, 


■  auguliferus,  Phillips. 
-  annuliferus,  Simpson. 


■  antiquatus,  Simpson. 

-  arcigerens,  PhiUips, 

-  arctus,  SiinvKon, 

-  armatus  (Young  and  Bird), 

■  armiger,  Simpson. 

-  athletious,  Simpson. 

-  attenuatus,  Simpson. 

-  aureolus,  Simpson. 

-  aureus,  Simpson. 

-  balteatus,  Phillips. 

-  Bulclieri,  Simpson, 

-  Birdi,  Simpson, 

-  bispicatus,  Simpson. 

-  Boulbicnsis,  Simpson. 

•  Buckii,  Simpson. 

■  Bucklandi  {Simpson). 

■  cereus,  Simpson, 

'  clevelaiidicus     Young    and 
Bird. 

-  complanatus    (Young    and 

Bird). 

■  complanatus  (Simpson). 
'  conjunctivus,  Simpson, 


Arietites  Bodleyi,  Buckman. 

i^oceras  angmatua,  Schlotheim. 

Harpoceras  serpentlnum,  Reinecke. 

Pbylloceras  Loscombi,  Sowerby. 

Stephanocoras  Desplacei,  D'Otbigny. 

crassum,      Young     and 

Bird. 

iGgoceras  defossum,  Simpson, 

fStephanoceras    crassum,     Young    and 
Bird. 

Mgocems  Charmassei,  D*Orbiany. 

capricomum,  Schlotheim. 

Phylloceras  LoecombiySowerhy, 

Stephanoceras  fibulatum,  Sowerby. 

^goceras  armatum,  Sowerby. 

Stephanoceras  commune,  Sowerby. 

annulatum,  Sowerby, 

Arietites  tardecrescens,  Hauer, 

^goceras  brevispinum,  Sowerby, 

Lytoceraa  cornucopia.  Young  and  Bird. 

^goceraa  John&toni,  Sowerby. 

Amaltheus  spinatus,  Bruguiere. 

^goceras  Birchii,  Sowerby. 

?  Harpoceras  subconcavum,  Young  and 
Bird, 

Amaltheus  oxynotus,  Quenstedt. 
/Arietites  Tumeri,   \  o^,^x„. 
\ stellaris,  /  ^'^^' 

iEgoceras  gagateum,  Young  and  Bird. 

Amaltheus  margaritatns,  Montfort. 


ferrugineus^  Simpson. 

Oppeli,  SehUhtbaeh. 
ferrugineus,  Simpson. 


*  Aathora'  names  In  brackets  indicate  that  thoy  have  so  called  the  species  but  have  not  originated 
the  name. 


UrfiSX    OF   i>YKO-^YM«, 


SnroeiYiu. 

'  Conybeftri  {BimpEOfn). 
'  comueopift,  SimimfR 
•  otimuoiclca,  fyri>wji, 

-  cnk«ai£^iia^  Simpt&n. 

■  c^i^ximalTiti^  Simpson,     f 
'  (TaKoideB,  Simpatm, 

<  cfsusnlosua,  Bimpatm. 

-  cradsuiuft,  Simpson. 
oreuiilark  {Sitnptony 

■  dunotatiifl,  ;?iin;*i<?w, 

■  Xkiaxfl^  Simpmn. 

-  d«»pt^e«nii^  Simpfon. 

-  elegouA,  Yotmg  and  Bird. 
'  elegantulu^  Bimptmi. 

emg&tiiip  Foufu^  und  Bird. 
etxar&tua  (Pfkfllfpf). 

exaaoiatfiii,  ^itnpiun* 
exortti^  Simp^QH. 

fabrimttu*.  Simpson. 
ftiloifer  {PhitUpa). 
fiiicifltu*.  ,i?imp*OA, 
Hguliniijs,  ^impflOrt. 
fimbriatiis  (^trnpion), 
flAVUi<,  BimpMi>jh. 


j£godfins  pliiiuf^asta.  ^Sbitfvr^. 
An^litea  tardecr@«ci^tis,  JETdiur, 
Ljtrjoef aA  fimbrUtmn.  Bam&hlf. 
AneUton  obtusuft,  Sotp^rbp, 
.M^Memt  Titian,  Sou^rbif, 

De»plaod,  iraHtigt^ 

cniBfitin,  Yomug  amd  Biri. 


Hii  mil  toil],  Simif^fi,  \ 

'  hrtstiitii^.  Yifang  und  Bird.) 
Ibti^-^kt  rftieis,  Simpson. 

■  lieptangularis.    Young  and 

Bird. 

-  heterogeneus,    Young    and 

Bird. 

■  hildensis.  Young  and  Bird. 

-  ignotus,  Simpson. 

-  illatus,  Simpson. 

-  incrassatus,  Simpson. 

-  integricostatus,  Simpson. 

-  intertoxtus,  Simpson. 


— ' — €iaiaaim)^  Town^  cnti  Iftni 

—— — — "'■  D^plflC4Si,  D'Orhign^ 

M^^ooBm»  Kcoleftkua,  JSiSnifMon, 
Amaltlieaff  oxynotufl^  Qtt«fMl«G2f). 
Aric^titea  Colleiu>ti,  D'O^i^* 
Ph^^llooeru  Looranibif  Sotner&fr* 
AinAltbotis  laM'garitat^A,  Mof^^rt. 
Phj'Uoct-rs^  beteiopljyiittm,  ^owsr^. 
Hiirpocetae  couiaiTtittj,  S^weftif. 

exarotum.  Young  and  Mird. 

M^paemM  plaQotbe,  S&wn^. 
Harpocetaa  tytltetiee^  Yctmg  and  Bird- 

MgwiifTm  miioortatum.  Zimten^ 
Hftrpoct^TW  eomc»iiafi«  Vtm  Butk. 

— *  »nec.  indet. 

Itjtoceras  cornTu>opia,  Youn^  mnd  Mir$^  ^ 
Mg^cmoB  cEkpricomuiUf  Schtatheim. 
Ljloot-nis  *.'oriiu«3pifl,  Young  and  fi«r4,_ 
AmalthetiB  SLinpr^m,  Simpson.  m 

Bte|ibimocera»  fonticdum,  Simpaon^       | 
Anuiltbeas  snlitwini,  Bimptmi. 

Mgoc^ras  annatum^  Sowerbi/. 

AmalUiBua  sprnfttu^,  Brugui^re. 
Mgocema  striatum,  Beinecke. 

Henleyi,  Sowerby. 


J 
I 


Harpoceras  bifrons,  Bruguiere. 
iEgoceras  Regnardi,  D'Orhigny. 

? gagateum.  Young  and  Bird. 

Stephanoceras  craseum,  D*Orbigny. 
-^goceras  gagateum,  Young  ami  Bird . 
Non-liassic  (not  =  Ag.   Cbarmassei,    as 

stated  at  p.  272). 
-^goceras  sociale,  Simpson. 
sagittarium,  Blake. 


-  involutus,  Simpson. 

-  Jameson i  (pars),  Simpson. 

-  lens,  Simpson. 

-  lenticulans,      Young      and 

Bird. 

-  leptopbyllus,  Simpson. 

-  Jimatus,  Simpson. 

-  luriduR,  Simpscm.  \     m^  •  o  »i  ^i_    • 

-  maoulatus,  /onug  arid  Bird.]   ^g^x^^as  capncornum,  Sctdothetm. 


Amaltbeus  lynx,  D'Orhigny. 
Eugelbardti,  JfOrbigny. 

Harpoceras  lytliense,  Young  arid  Bird. 
Amaltbeus  Simpsoni,  SUnpaon. 
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Stkontms. 

Ammonites  mammillatua,  Simpion. 

Marehallani,  8imp»on. 

miles,  8imp§on, 

mu\g;Taviua,Young  and  Bird. 

mulgravius  {Simpton), 

(paP8> 

multanfractns,  Simpson, 

multifoliatus,  Simpton. 

mutatuB,  Simpson. 

Danus,  Simpson. 

natiyus,  Simpson. 

neglectus,  Simpson, 

nitescens,  Young  and  Bird. 

nltidus.  Young  and  Bird. 

nodulosns,  Young  and  Bird. 

obliquatus,  Young  and  Bird. 

omissus,  Simpson.     . 

ovatuluSf  Simpson. 

ovatus.  Young  and  Bird. 

ovatus  {PhiUips). 

Oweneusis,  Simpson. 

peregrinus,  Simpson, 

personatus,  Simpson. 

Phillipsii,  Simpson. 

pinguid,  Simpson, 

polyphyllus,  Simpson. 

puteolus,  Simpson. 


Adoptso  Namu. 

^gooens  planicoBta,  Sowerby, 

aculeatum,  Simpson. 

aimatom,  Sawmhy. 

Harpooeras  eiegans,  Soumhy. 
eiegans,  Sowerby. 

Arietites  temioosiatiis,  Young  and  Bird. 
?  Harpooeras  iythense,  Young  and  Bird. 
?  ^soceras  aculeatum,  Simpson. 
PhyUooeras  Loecombi,  Sowerby. 
^goceras  yalidum,  Simpson. 
^goeeras  gagatoum,  Young  and  Bird. 
Harpooeras  algoviunum,  Oppd. 
Lytoceras  cornucopia.  Young  and  Bird. 
Amaltlieus  margaritatas,  Montfort. 
Harpoceras  Beanii,  Simpson. 
JSgoceras  defossmn,  Simpson. 
Harpoceras  aalense,  ZieUn. 

primordiale,  Sehlotheim. 

c»cilia,  Beineeke. 

Mgoceraa  armatum,  Sowerby. 


•  quodricomutus,  Simpson. 

■  radiatus,  Simpson. 

■  redcarensis.  Young  and  Bird, 
'  regularis,  Simpson. 

•  resupiiiatus,  Simpson, 

■  retentus,  Simpeon. 

•  reticularis,  Simpson. 

-  retusus,  Simpson. 

-  Bipleyi,  Simpson. 

-  Rooinsoni,  Simpson. 

-  nigatulus,  Simpson. 

-  mtilans,  Simpson. 

•  seodarmatus,  Simpson. 


-  sigmifer,  Phillips, 

■  simplex,  Simpson. 

■  siphuucularis,  Simpson. 

-  spicAtus,  Simpson. 

■  Stokesi  (Simpson). 

-  subliDvis  (Simpson). 

-  subnodoBus,    Young  and 

Bird. 

■  subtriangularis,  Young  and 

Bird. 
Bulcatus,  Simpson. 

■  tcnelluH,  Simpson. 

■  tcDuicostatus,   Young  and 

Bird. 

■  tenuispinus,  Simpson. 

■  transformatus,  Simpson. 

'  tubellus  (pars),  Simpson. 


I  Arietites  scipionanus,  jyOrbigny. 

Harpoceras  insigne,  Zieien. 

oomense.  Von  Bueh. 

Amaltlieus  oxynotus,  Quenstedt. 
Stephanoceras  crassum.    Young  and 

Bird. 
^goceras  Taylori,  Sowerby. 
Arietites  impendens,  Young  and  Bird. 
^gocoms  angulatum,  SMotheim. 
Not  Liaasic. 

Arietites  tSauzeanus,  B^Orbigny. 
?  Amaltlieus  Huntoni,  Simpson. 

-•  Engelhardti.  WOrbigny. 

^goceras  aculeatum,  Simpson. 
Amaltlieus  trivialis,  Simpson. 

oxynotus,  Quenstedt. 

Harpoceras  aalense,  Zieten. 
Amalthens  trivialis,  Simpson. 
Stephanoceras  sabarmatum.  Young  and 

Bird. 
Harpooeias  aalense,  Zieten. 
Amaltheus  Huntoni,  Simpson. 
^goceras  planioosta,  Sowerby. 

armatum,  Sowerby. 

Amaltlieus  margaritatus,  Montfort 

Non-liassic. 

Amaltheus  margaritatos,  Montfort, 

^goceras  armatum,  Sowerby. 


-  Gharmassei,  JYOrhigny. 


Arietites  Collenoti,  jyOrbign^. 
Lytoceras  lineatum,  Sddotheim. 

?  ^o^oceras  brevispinum,  Sowerby. 
Arietites  Sauzeanus,  D^Orbigny. 
^goceras  armatum,  Sowerby. 
a  2 
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Scalaria  aureus,  Simpwn. 

ftiireus,  Simpson. 

Youngi,  Simpstm. 

Trochus  aDglicus  (Simpion). 

pusilluSf  Simpson. 

Turbo  adductns,  Simpson. 

-. cirroideus,  Young  and  Bird. 

ooncinnus,  Simpson. 

: —  exemptus,  Simpson. 

negleotus,  Simpson. 

■  rugosus,  Simi>8on.      ^ 


undulatus,  PhiUips. 

Turritella  defossus,  Simpson. 


Adoitid  Naves. 

Gerithium  Slatteri,  Tate. 
GhemnitzJa  citharella,  Tate. 

Youngi,  Simpson. 

Pleuiotomaria  similis,  Sowerhy. 

Encyolus  undulatus,  PhiUips. 
GryptsBnia  expansa,  Sowerhy. 
Encyolus  irobiicatus,  Sotoeroy,  sp. 
Hydrobia  solidula,  Bunker. 
Euomphalus  minutus,  SchUhler. 

Enoyclus  undulatus,  Phillips. 

Turritella  Dunkeri,  Ttrquem. 


LAMlDLIiIBBAJ7CHIATA. 


Amphidesma  lequale,  Simpson, 

ooncavum,  Simpson. 

contractum,  Simpson. 

costatum,     Young     and 

Bird. 

donaciforme,  PhiUips. 

intermedium,  Simpson. 

irregulare,  Simpson. 

IsBve,  Simpson.  I 

maoulatum,  Simpson.  I 

nitidum,  Simpson. 

punctatum,  Simpson. 


rotundatum  (Simpson), 
subtrunoatum.  Simpson. 
■  ventrioosum,  Simpson. 


Astarte  minima  (pars),  PhiUips. 
Avicula  crescens,  Young  and  Bird. 

crescens  [Simpson). 

cyKnipes,  Young  and  Bird. 

echinata  ?,  PhiUips. 

in8B€|uivalYis,  Phulips. 

minima,  Simpson.       ' 

-  nitescens,  Simpson. 


tumidulus,  Simpson.  . 

'RoBthrmens\B,ioung  and  Bird. 

Gardinia  costata,  Simpson. 

membranacea,  Simpson. 

Gardita  IsByis,  Young  and  Bird. 

margaritacea.  Young  and  Bird. 

nitida.  Young  and  Bird. 

producta.  Young  and  Bird. 

Gardium  deltoideum.  Young  and  Bird. 

multioostatum,  PhiUips. 

truncatum  (PhiUips).  ) 

-  triangulare.  Young  and  Bird.] 


securiforme,  Simpson. 

Gorbis  uniformis,  PhiUips. 
Gorbula  apquivalvis,  Simpson. 

; cardioides,  PhiUips, 

'• deltoidea,  Simpson.       j 

imequivalris,  Simpson.  \ 


Pleuromya  nqualis,  Simpson. 
Gresslya  striata,  Agassiz. 
Pleuromya  oontraota,  Simpson. 
oostata.  Young  and  Bird. 

Gresslya  donaoiformis,  PhiUips. 

intermedia,  Simpson. 

donaoiformis,  PhtUips. 


•  rotundatum,  PhiUips.         | 


Seebachii,  Brauns, 

Leda  galathea,  jyOrhigny. 
Gresslya  punctata,  Simpson. 

rotundata,  PhiUips. 

intermedia,  Simpson. 

abductii,  PhiUips. 

Seebachii.  Brauns. 

Pleuromya  ovata,  Rdmer. 
Astarte  striatosuloata,  RSmer. 
Monotis  inaequivalvis,  Sowerhy. 

substriatiis,  Miintier. 

cygnipes,  Young  and  Bird. 

substriatus,  MUnster. 

iniBqui?alyis,  Sowerhy. 

substriatus,  MUnster. 


inequivalvis,  Sowerhy. 

Cardinia  Listen,  Sowerhy. 
Pleuromya  sp.,  indeterminate. 
Gardinia  IsBvis,  Young  and  Bird, 

Geromya  exarata,  Tate. 

7 

Gardium  trunoaium,  Sowerhy. 
Gardita  multicostata,  PhiUips. 

Protocardium  truncatum,  Sowerhy. 

Gypricardia  cucullata,  Munster. 
?  Leda  subovalis,  Gold/uss. 

Unicardium  cardioides,  PhiUips. 
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Cfi^Dintula  Tentriooaa,  Yotmg  and  Bifd, 
Cuc:ulliea  cuapidatft,  M^npam.    i 

— -^  expanaOf  SiMpttm^      I 

>-^  iiici»fisat&^  Stmpmn.    j 

intermedia,  jSt'm/Jju^tt,  } 

abtusalii,  Simpmn. 

seporifomiis*  bimpfmi, 

trianjrularb^  Simpttm, 

Oervillm  ?  rui^iitat  Simpmn, 
Giypheea  dc^pi^Sba,  PhuJip** 

— inourva.  Young  und  Bird' 

U&t^CnWfKhU  Phmip*,   t 

orbiculttf  b,  8imp«(m,       I 

IsociilfJta  l^via,  SiPip^on. 

nitidis,  ^iVrt/jrwWr 

Lima  irrtguJaris,  Simpfon. 

ModJola  curTfttiiSi  Simpsm.. 

enaiA,  Siinp^on, 

^  gibbciftus,  mmpmfk. 

— pallidas^  ShHptCftt. 

pUcftto,  FhiUip*. 

'  pygiuens,  Simpf&n. 

— ~  riiiti«UAi  Bimptain. 

eniijga,  YQung  nvd  Bird 

ftimiba,  Simpmn. 

Mja  squib  tHTO]  in,  Simpmm. 

atitiqua,  8mp«(m, 

dubbp  8impmn 

— — -  ftumif^ntH,  Sim]*^oT*. 
-  -  hiipida,  Sfsfipmrti, 
— —  litem  ta,  PhifUm. 
Mjlilua  ciiuLatti§,  bimpum. 

liip|MjCAnipti8»  Young  and  Bird. 

e d H 1  iji  ?  (Yoinn[j  and  Bird). 

Nuoula  ix>m|iUD(itiU  PhUttp*. 

cynifaiilrt,  Simpmn.       \ 

— duni.  Stmp»&fi.  ( 

longicaudata,  Simpmn. 

miuor,  Simpson. 

ovum,  Phillips.  \ 

rostrata,  Young  and  Bird.    I 

?  subtriangularis,  Simpson. 

tellinaBfomiis,  Simpson. 

Ostrea  concinna,  Simpson.  \ 

inflata,  Simpson.  I 

patellaefonnis,  Simpson,    j 

tumidulosus,  Simpson,      j 

saltviciensis,  Simpson. 

Pecten  alieneus,  Simpson. 
cygnipes,  Young  and  Bird. 


InocerHmujd  ventrtcoau^,  3&W«rbif. 
MnerodoD  intermedins,  8impton* 

Cuciillsea  Miinsted,  2ldlm* 

O^prloikTdli  oycdllatA,  M^Hiiter. 
ProtocardiaiQ  oxynoii^  Quemiedt* 
liiCK^emmQa  diibiuBi  S^iv^rbp, 
Gryphflca  oymbiiim^  [Attmirek. 


-  dichotomuB,  Simpson.    I 

-  interstinctus,  Simpson.  ) 
■  lamellosus.  Young  and  Bird. 
-lens,  Phillips. 

-  major,  Young  and  Bird. 

-  multicostatuB,  SimpsQn. 
planus,  Simpson.  i 
pulchellus,  Simpson,      i 


-  cjmbimii,  Lt^marck* 


CiLrdmiA  Injvitt,  Young  and  Bird. 
Ct»t%*nxfrt  ijxurata,  7Wr. 
Ltma  Henna  titii,  Voitz. 
Foetep  (BqtaivalvK  ^ti^^rfey, 
Modi'»la  sralliiiiin,  S&ttKfh^. 
Wyaconcibfl  (f^torntn,  Gotdftitt, 
)*  Modlom  HiUoaft.  lioiMf^. 
Modiok  ni)lioan««luitB,  Swfignim^. 

?  numifemali*,  t^ppdf 

fiippopodidm  pondeK^um,  Smimbf. 
Momola  sdalpnun,  Sou^erh^, 
Hlppopodiiuu  pondemtfumt  Smutrhjf^ 
Grtsrija  ?  ap. 
Aii'nmya?  t^p- 

(tjessiljm  ittt&rTaediB,  Simpmm* 
Pleuromya  oostata,  Yoffng  nnd  Bird, 
AfOMfiya  hiapitia,  8%mpMm. 
GonioTOTa  hybrida,  ffi4dfiij^. 
MCNiiola'  *;pftlprujn>  Sourrrb^, 
Hippopodiiim  iMmd€?ro&tun,  Smp^rb^. 
Tnow^mrnit**  'hi  bin  a  i^tytr^fthft. 
?  Lfcdtt  tji>iijj>lftitfita,  tji^djtt^. 

— paljitboa^  D*Or^»gny, 

grapbica,  Tatef 

minor,  Simpson. 

Ticda  ovum,  Soicerhy. 

Gresslya  striata,  Agasniz. 

TiCda  aequilatera,  Korh  and  Bunker. 

Grypli8B;i  cymbimu,  Lamarck. 

Inoceramus  dubins,  Smrerby. 
Pecten  roquivalvis,  Soicerhy. 
MonotlB  cygnipei?,  Young  and  Bird. 

Pecten  priscus,  Schlotiieim. 

lunularis,  Rdmer. 

snbstriatus,  Rdmer. 

ffiq  nival  vis,  Sowerby. 

sequalis,  Quenstedt. 

lunularis,  Homer. 


INDEX   OF   SYNONYMS. 


VU 


Synonyms. 

Pecten  puuotiitus,  Simpion.  \ 

reticularis,  Simjaon. ) 

radiB,  Simpton.  \ 

sublsevis.  Young  and  Bird.  ) 

sublsevis  {Phillips). 

Pema  quadrata  (Young  and  Bird). 
Pholadomya  antic^uata,  Simpson. 

concmna,  Simpson. 

coetata,  Simpson. 

elongata,  Simpson. 

gallina,  Simpson. 

gibbosa,  Simpson. 

Ifevis,  Simpson. 

obliquata,  FhiUips. 

producta,  Simpson. 

recmra,  Simpson. 

roatellata,  Simpson, 

rostrata,  Simpson. 

tnincata,  Simpson. 


Adopfbd  Namks. 


Pecten  substriatus,  RSmer. 


Pinna  quadnita,  Simpson. 
PlagioBtoma  excavatnin,  Simpson. 
Plagiostoma  multicostatum,  Simpsoti. 

novemcostutimi,  Simp$on.\ 

pectenoideuiii,  Phillips.    ) 

rusticumf  Young  and  Bird. 

PuUastra  antiqua,  Phillips.     \ 

prototypa,  PhiUips.  I 

granata,  Simpson. 

mediieva,  Simpson. 

Placuna  femiginea,  Simpson. 
Sanguinolaria  elegans,  Phillips. 

vetusK  Phillips. 

Tellina  cycliforniis,  Simpson. 

striata,  Simpson. 

Solen  rnbis  ?  (  Young  and  Bird  . 
Unio  acutufl,  Young  and  Bird. 

abductus  (pars),  Phillips. 

concinmis,  Phillips. 

costatus,  Young  and  Bird. 

crass iuBcul us,  Phillips. 

Listeri  (Young  and  Bird). 

Venus  petricosji,  Simpson. 
granata,  Simpson. 


■  fequivalvis,  Sowerby. 


priscus,  Schlotheim. 

Pema  Lugdunenbis,  Dumortier. 
Pholadomya  decontta,  Zieten. 

ventricosa,  Agassiz. 

not  Liassic. 

decorata. 

Gresalya?  sp.  indet. 
Plioladomya  Simpson  i,  Tate. 
Gresslya  intermedia,  Simpson. 
Seebacbii,  Brauns  i 

\  Pholadomya  ambigua,  Sowerby. 

) 


(^resslya  lunulata,  TaU. 

Pholadomya  decorata,  Zieten. 
Pinna  folium.  Young  and  Bird. 
T.ina  ToarcensiB  ?  DesUmgehamps. 
Lima  Hermanni,  Vcitz. 

Jjimea  acuticosta,  Goldftiss. 

Lima  Hermanni,  VoUz. 

Cardinia  antiqua,  Phillips. 

Pleuromya  granata,  Simpson. 
Gresslya  striata,  Aqassiz. 
Plicatula  calva  ?  t)eslongrhamps. 
Pleuromya  elegans,  Phillips. 
Arcomya  vetusta,  PhiUips. 
Venus  tenuis,  Koch  and  Bunker. 
Lucina  limbata,  Terquem  and  Piette. 
Myaconcha  deconitn,  (loldfuss. 

9 

Gresslya  Seebarliii.  Brauns. 
Cardinia  concinna,  Soirerby. 
Pleuromya  costata.  Youjig  and  Bird. 
Cardinia  crastiiuscnla,  Smeerby. 

Listeri,  Sotrerby. 

(>romya  petricosa,  Simpson. 
Pleuromya  granata,  Simpson. 


PAIililOBBANOHIATA. 


Lingula  ver.usta.  Simpson. 

Patella  Isevis,  Sowerby . 

Rhynchonella    inconstans  (Young  and 

Bird). 
Spirifer  liassicus,  Simpson. 

'  medisBvius,  Simpson. 


--  recentior,  Simpson. 


Terebratula  bidens,  PhiUips. 

compressa,  Simpson. 

hispidula,  Simpson. 

mundula,  Simpson. 

ornitbocephala  (Simpson). 


Lingula  longovicensis,  Terquem. 
Discina  reflexa,  Souferby. 
not  Liassic. 

Spiriferina  Walcottii,  Sowerby. 

not  Liassic. 

Spiriferina  Waloottii,  Sowerby. 

Rhynchonella  lineata,  Young  and  Bird. 

— '- tetrahedra,  Sowerby. 

Waldheimia  sarthacensis.  D'Orhigny. 
Rhynchonella  plicatissima,  Quemiedt. 
Waldheimia  sarthacensis,  UOrhigny. 


^ 
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EXPLANATION  OF  THE  PLATES. 


Plate  I. 


Steneosannis  breyior 


PAQB 

....  244 
(aide  view)  244 
(under  side)  244 


4.  Harpoceras  simile 304 

5.  PlesiosauruB  Zetlandi  (fore  arm)    249 


6.  Pletiosaurus  longirortris  (verte- 

bra)   250 

7,  8.  Piesioflaums  macroptenu  ?    .  246 
9.  Ichthyoflaunu  craasimanus  (fore 

arm) 253 

10.  Stephanooeras  fontioulum    .     .  801 


1.  PlesiosauruB  propinquus  . 

2.  Gyrosteus  mirabilis  (tipine) 

3.  (fins) 

4.  Harpoceras  lythense    . 


Plate  II. 


247 
256 
256 
804 


5.  Harpooeraa  ezaratum  . 

6.  cflocilia 

7.  primordiale 


8.  Amaltheus  Huntoni 


pnn 
Hun 


S05 
805 
806 
298 


1.  Leptolepia  saltriciencis 

2.  Plesiosaurus  longirosiria 

3.  Belemnites  leviaenBis 

4.  validuB 


Plate  IH. 

260      5.  Pentaorinus  interbraohiatus  .     .  445 

250      6.  Pentaorinus  scalaris    ....  444 

822      7.  Belemnites  levidensis       ...  322 

323  I   8.  Pentacrinus  interbraohiatos    .     .  445 


Plate  IV. 


1.  Geoteuthis  coriaceus    .     . 

2.  Beloteuthis  Leckenbyi     . 

3.  Teudupsis  cuspidatus  .     . 

4.  Belemnites  palliatus   .     . 

-  ( obarmouthensis 

^•\Theoidea  belemnitioa  .     . 


314 
314 
314 
316 
317 
416 


6.  Belemnites  araris  •     . 

7.  virgatus    . 

8.  longiformis 

9.  rudis  ?      . 


317 
318 
320 
321 


Plate  V. 


1.  ^goceras  nanum   .     . 

2.  Arietites  Bucklandi    . 

3.  ScipionanuB 

4.  Agooeras  longipontinum 


272 
283 
287 
273 


5.  Arietites  tardecrescens     .     .     .  285 

6.  Amaltheus  trivialis     ....  292 

7.  ^goceras  tubellum     ....  279 

8.  Arietites  Blaodonnelli       ...  290 


Plate  VI. 


1.  Arietites  Gonybeari     ....  284 

2.  obesulus       ....  284 

3.  difformis       ....  289 

.  j semicostatus  (upper  fig.)  278 

*\iEgocera8  PauU 273 


I   5.  Agooeras  Pellati   . 

I  6.  nigrum   . 

I  7.  Arietites  impendeus 

8.  ^ooeras  gagateum 

9.  nnitimum 


278 
274 

290  i 
27ft  I 
278       1 


§» ejigittii/itun 

^, vnTjdiim  . 

4,  —  nculofttum 


pAom 
276 

278 
278  : 


5.  Ati]&ltli«u«  fertii^neiu 

7.  Herpooenus  lateeoeiui  > 

8.  Btepb&nocerae  gradl^ 


1,  Harpci««im$  algoviannio 
C  Aimiltbeu*  Biuaptioni  . 


Platk  VIII. 


S02 
2S2 
300 


6.  Baipoceraf  compeictUe 

7*  — '  ieotum 

S*  -«- —  eabcoucftYum 


Platk  IX, 
BaS    '   17. 

as7     1&, 


1«  PWiiTotom»rift  Qiidcwa     . 

2.  ^— — : — —  fareolata  , 

3.  Turritelk  Dunkeri    .     .  ,  , 
i.  Pletu-utomaj-iji  ^imilis  .  . 

6.  DisoolieHjc  anitufi  (5a  uader  tutla)  84Q 
e,  Hydrobin  BoUdiila     .     .  ,  .  3i5 

7.  Aeteooma  ilmiiutrenab  ,  *  ,  855 

8.  Di*oob  etlix  slrmtua    ,     ,  ,  ,  B40 

9.  ™  (uader  eide)  340 

LO.  Bentftlmm  i^ig^nkutn    .  .  .331 

11.  Nfllifti  btiecinf:3idefl    .     .  .  .349 

12.  Cbemnit^a  foTeolata      .  .  .  353    <   27. 

13.  DeiiUlUim  t^taleuaG   .      .  .  .  332   ,   28, 

14.  Discohelii  aemlcliiufiua   .  .  .341       29. 

15.  TiiTbo  kUlftbrua  .     ,     ,  .  ,  343      30. 


20, 
2L 
22. 
2». 

2i. 
25, 
2«. 


Turbo  iol&riiiiti    , 
Ei«£fm  nana    .     , 
Ocrithiuin  liaatiicuBi 
Turba  oyelobtoiQa 

Hneatufi     . 

FhaaiaDt^lk  marenoyana 
Turbo  (Lcieulua     .     .     , 
CherauiUii*  aenjitecta 
FlourotJi^marift  pn>ct:Fa 
Turbo  Philemon  .     . 
Fleuiotomaiia  tectann 


DtiDtalium  el^'D^atiuD 
Encyclua  Cbopuisi  . 
—  elegan* 


1.  Cerithium  acriciilum 

2.  Cryptfflnia  solaroides 
8.  Trochus  Robigus 

4.  Chemnitzia  eitharella     . 

5.  Turbo  Wilsoni     .      .      . 

6.  Pleurotomaria  obesula    . 
7. helicinoides 

8.  Discohelix  Oppeli 

9.  Chemnitzia  nuda. 

10.  acula.      . 

11.  Encyclus  conspersua . 

12.  uiidulatus  . 


Plate  X. 

.351  13.  Natica  puq)uroidea  . 

.  335  14.  Trochua  redcarensis  . 

.  341  15.  Encyclus  cingendua  . 

.  354  16.  Neritii  alternans  . 

.  344  17.  Littorina  clevelandica 

.  336  18.  Deiitalium  limatulum 

.  338  19.  Pitonillud  sordidus    . 

.  340  20.  Encyclus  acuminatus 

.  354  21.  Clitmnitzia  tninavcrsa 

.  354  22.  Cryptajnia  consobrina 

.  347  23.  Acteonina  chryaalifl  . 

.  347 


349 
842 
848 
333 
348 
832 
343 
346 
352 
334 
356 


Plate  XI. 


I 


1.  Arconiya  concinna       .      .  .411 

2.  Trigonia  lingonensis  ....   386 

3.  Modiobi  bifasciata 379 

4.  Leda  Rtnevieri 384 

5.  galathea 383 

6.  Macrodon  clevelandicue    .  .  381 


7.  Astarte  striato-sulcata    .      .      .  388 

8.  Diti7pacapitata(var.antiqaata)  437 

9.  Leda  minor 383 

10.  eequilatera 382 

1 1 .  Arcomya  longa 410 

12.  Cardinia  lasvis      .      .      .     .      ,  391 
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Plate  XII. 

PAGE 

1.  Pholadomya  Simpsoni      .     .     .  399        7.  Cardita  mnltioosta    . 

2.  Ditrypa  globicepis 438        8.  Ledft  teztaiata     .     . 

3.  Astarte  Oppeli 387        9.  Pleuromya  bittiminoea 

4.  Trij^onia  modesta 386  '   10.  Orcsslya  lunulata 

5.  Tellina  fabalis 393  '   11.  Pleuromya  nundnla  . 

6.  Ceromya  sublsBYis 408 


PAai 
.83d 
.  385 
.  405 
.  402 
.  406 


1.  Modiola  saboancellata 
i,  Macrodon  pulohellns  . 

3.  6re8slya  Seebachii 

4.  Leda  graphica  .     .     . 

5.  Hippodium  gigas  .     . 


Plate  XIU. 


378 
381 
402 
386 
392 


6.  Ceromya  exarata .     .     .     »     .  409 

7.  Pleuromya  panata   ....  405 

8.  Gresslya  in&nnedia  ....  408* 

9.  Pleuromya  costata     ....  404 
10.  Crowoombeia     .     .  406 


Plate  XIV. 

1.  Ceromya  petricosa 408  •  7.  Nulliporites  furcillatut   .     . 

2.  Pinna  spathulata 376  '  8.  Pleuromya  eequalis    .     .     . 

3.  Arcomya  liispida ^^^  ,  ^*  Chordophyllites  cioatricostis 

4.  Cardinia  crassiuacula  ....  389  |  10.  Gresslya  punctata      .     . 

5.  Limea  Blakeana 368  !  11.  Ditrypa  oircinata 

6.  Qrevillia  serosa 873  |  12.  Tancredia  dionviUensis  .     . 


**74 

.  401 
.  488 
.  397 


Plate  XV. 


1-4.  Lingula  longoyicensis 
5,  6.  Discina  refiexa 

7.  Spiriferina  digniensis 

8.  oxyptera. 

9. Walcotti. 

10, 11.  Waldheimia  sarthaoensis 

12, 13.  resupinata  . 

(fig.  12  var.  pyriformis). 
14.  Rhynchonella  plicatissima  . 


413 
414 
417 
417 
416 
418 
419 

423 


15.  Rhynchonella  calcicosta. 
16. fodinalis  . 

17.  Bouchard! 

18.  subooncinna 

19.  pHcatiBsima 

20.  tetrahedra 

21-23.  lineata    . 

24,  25.  capitulata 


428 
424 
424 
420 
423 
42q 
421 
424 


1.  Glyphea  lyrica.     .     . 

2.  Terquemi 

3.  Eryma  Isevis     . 

4.  Pseudoglyphiea  Etalloni 

5.  Buprestites  braotoides 

6.  Chemnitzia  Toxmgi     . 


Plate  XVI. 

.  428  7.  Eryon  Hartmanni 

.  428  8.  Lucina  cardinioides  . 

.  429  9.  Pleuromya  contracta. 

.  427  I   10.  Inooeramus  Simpsoni 

.  426  :    11.  Ophiurella  columba  . 

.  352  i   12.  Chauliodites  minor    . 


427 
895 
407 
374 
442 
426 


Plate  XVII. 


1.  Bairdia  liassica 430 

(fig.  a,  interior,  crenulations  much 

exaggerated.) 

2.  Bairdia  dispersa  . 

3.  lacryma . 

4.  redcarensis 

5.  elongata . 


6.  Cythere  Blakei 

7.  Terquemiana 

8.  triangulata  . 


430 
431 
431 
431 
431 
432 
432 


9. 
10. 
11. 
12. 
13. 
14. 
15 


Cythere  Moorei   .     . 

transluoens  . 

redcarenais  , 

-  arcsBformis 


CythereUa  paupercula 

circumscripta 

crepidula 


16.  Polycope  cerasia 

17.  Troohammina  inoerta 
18. inflata. 


432 
432 
438 
433 
433 
434 
434 
434 
452 
452 


No<do»anii  nitid*  . 
t(k  Spicule  ... 

^2^  Mftrgitiulina  Patiliniju 

24.  Cmt^Uarit  recta  .     . 
25* ciiepidulft 

26, Brounii   , 

27,  ¥ariftn»    , 

25.  Fro udicul Aria  [iguana 
29,  Otbctorrina  b»riiigienaa& 

iiO,  — — -^ ^  rhomboidilii 

91.  'Fol|p4irphitiA  futiifonniv 


1.  Ccimuspira  liiftuift 

2.  MUtQlft  e«b£ibemi 

Sj  4.  TrfjcbftiamiDa  itregularia 
5.  Litnola  globftta    . 
fi.  Ilpolnlina  liABaioA 
7*  £ag€Q«  l»Tw.      . 
8,  naidi 

10, --OTHt* 


IL  GlandDliua  humilij  . 

12. euneifonaia 

13. pftucicsouta 

14*  Notioaaria  mpiiiiiitia  ♦ 

16*  r—  etrieta .     * 

17^  Nodoaarift  riwlicula    , 


.  457 
.  160 
.  463 
.  463 
.  464 
.  465 
.  406 
,  466 
.  46H 

.  i6a 

.  470 


Puljrmorphina  com^ 

— prob 

^-  —    uodoiiMift. 

—  ■  ' diAttii(?la  . 

-^ buri:itgaloQak 

TextnJaria  aggtutitMUu  , 
FidTinuliiia  akfgacia  .  . 
N^DionJuft  elegasui  >  » 
LittKrk  A^i^latifiana  .  . 
Homy  spiue  <xr  tooth 
3,  HuJot^iur4:7Jd  spurn 
Frond  iculana  nodotafia 
Crip  Old  vegm^ni 


Plate  XVIIL 


.  451 
,  452 
.  452 
.  453 
,  453 
.  45B 
.  4M 
<  454 
.  4M 
.  454 
.  455 
.  456 
-  45d 
.  4d5 
.  45(S 


1$,  NfKloHurta  raphanititrmn 
Id.  Bi'iitnlma  oominttDig, 

20, Brconi.     .      , 

21, oljgoatc^gia 

22.  —  plmmin    . 

23.  ■ ~  paupoimta 

»4.  Wvla,     , 

25,  tectft  ,     . 

26. n^diwa     , 

27, naoiiilii     , 

28t fanictilo*»a 

2B.  "  buTgttiutiift 

80,  *^ ^^-  nmuiniiUtia 

8h  MaTglnulii>»  reToiw. 
32,  Orbuliiia  univena     . 


.  4Tft 
.  4T« 
.  471 
.  471 
,  471 
.  472 
.  4Tt 
.  473 

.     4:52 

.  44§ 
.  443 
,  401 
.   41d 


457 
45T 
467 
4&S 


45» 

^61 

4€t 
40] 
461 
472 


I 
I 


I 


1.  GlanduUnA  paucieneta 

2.  DoQtftlijm  glntiduloea 

•  rapa 

•  obliquestriata 


3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 


Marginulina  raphanus 

picti 

iiiflDquistriata 

— Romeri   . 

depressa  . 

Planularia  arguta 
Vaginuliiia  legumen  . 
Cristellaria  pauperatii 


Plate  XIX 

.  455  :    13,  Cristellaria  recta  .     .     . 

,  461 1       14. ert^pidtila     , 

.  460  I    15.  major      .     . 

.  460       16.  vurianB    . 

.  462       17.  globitVra       . 

.  4(J2       1§.  rotulata  .      . 

.  462       19.  Flabellina  nigosa 

.  463  '   20.  Frondiciilaria  complanata 

.  463      21.  intumescena 

.  464       22.  Terquemi. 

23. Bulciita 


464 

465       24. 


nodosaria  . 


.  4€5 
,  466 
.  465 
.  46« 
.  467 
.  467 
.  467 
.  468 
.  468 
.  468 
.  469 
.  469 


Note. — The  greater    number  of  the  fossils  figured    in  these  plates,    where    not 
otherwise  specified,  are  in  the  Museum  of  Practical  Geology,  Jermyn  Street. 
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PLATE    I 


=^^ 


r,  « 


CBerjeauhtK. 


H*nb^- 


as. 

■^     26. 

27. 
2S. 

^. 
$L 


DuJe  ,      .      .  ^ 

rji!:iDuliQa  unicoitfttil 
M8jr|niiulJixiL  PaullDii^ 

Criiit^lkjik  recta  -     , 

crepidulfr 

-Brontxii   , 


Frond icubrm  Ugimrio 
Othcjt^ermft  hu^J-mgeiisfi 

' * — - —  I'liombojdniirt 

'Pollpfirphinii  fiisi formic 


9A<a 
i57 

460 

\m 

463 
464 
463 

4m 

4^f» 

im 
im 

470 


33 
34. 

35< 
36. 

38.  PulvinuliQa  qjegaiu  « 

39.  NoDioainft  elegpma    , 

40.  Litufilii  u^n^tutitiijifl  , 
41*  liwftiy  ispiui?  or  tooth 
42-3.  Utjlothuroid  epiuuj 

44.  Frond  iculortii  ttodoiurta 

45.  CrJnQid  Bcgmeni 


?i*4TB  XYin, 


1^  C<KrDUBpir&  iafima 

2.  Miliolft  feheiberbii    * 

3,  4.  Trr^baimnina  iiwgTilftrifl 
5.  Lituola  ^lotiuta    , 

fi,  btvohiiida  liaaiktjfr     . 

8,  ' ufttrii       .     > 

9,  — -^ '  elongate  ,     I 

10.  — -ovfltn       ♦     * 

11.  GtaDduUnn  hum  lib  . 

12. — -  cutieiformU 

13.  ■ pttUPicuBtft 

14.  Nodos3&fM  r];iphariufl  . 

15.  Ltngtiliuii  tenera  .  . 

16, ■ -HJrifttii*  . 

17,  No*if«*ftTj&  rMicixJtt  . 
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451  ^ 

452 

^2 
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453 

453 

454 

454 

454 

454 

455 

456 

455 

455 

456 


18.  Nodooaria  rapba^niaUum 

19.  Bent&tiiia£»timjuiiis, 

20. ^^-Breoni.      . 

21. — —  oiigoetegia 

22.  ^^ pi&Djata    , 

23.  — — puperatm 

24. —  brevii«     , 

25.  ^ ~  tocta   .      . 

26. noddstt      . 

27.  moiiilia     . 

28. funieuloea 

29. —  buTgunfliffi 

30k — -  miuiinulitia 

31.  Marginuliua  reversa. 

32.  Orb  till  na  iiniTer^     . 


1,  G  Ian  dill  ilia  pQUpicosta 

2,  Benloliim  glanduUjsa 
3. rapa     . 

4.  ^  obliquestriata 

5.  Marginuliua  raphanus 

6. picta  .      .      . 

7.  inaequistriata 

8.  Romeri   . 

9.  • depressa  . 

10.  Planularia  arguta 

11.  Vaginuliua  legumen  . 

12.  Cristellaria  pauperata 


Plate  XIX 

,  455  I    13.  Cnstellarifl  recta  .     ♦     . 

.  460      14.  mpiduk      . 

.  460   I    15.  major      .      . 

.  460       16.  varians    . 

.  462   !   17.  globifera       . 

.  402      18.  rotulata  .      . 

.  462  19.  Flabellina  nigosa       .      . 

.  463  20.  Frondicularia  complanata 

.  463      21.  intumescens 

.  464       22.  Terquemi. 

.  464       23. sulcata      . 

.  465       24.  nodosaria  . 


465 

466 
465 
466 
467 
467 
467 
468 
468 
468 
469 
469 


Note. — The  greater    number  of  the  fossils  figured    in  these  plates,    where   not 
otherwise  specified,  are  in  the  Museum  of  Practical  Geology,  Jermyn  Street. 
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